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APPENDIX A 
DESIGN ANALYSIS REPORT, SIGNAL PROCESSING 
CIRCUITS OF THE HAPS BREADBOARD 
This  report provIies desisri :nalysis documentatSur! fzr L+ s! 3 ~ a I  pro- 
cessing circili try of t h ?  YAPS breadboard e1e:tronics. 
The s i g x l  proces;ing circuit i i rplsmtat icn  i s  pr  the block diasrsa, 
figure i :;i t h  the individual block requirements as delineate 
2.1 Input Euffers 
E a 3  o f  3 ccj;nposit? scens ax! balance reference signa 
head sh j ! l  be received via a shielded twisted pair w i t h  a diffe;en;iai buffer 
stage. 
o ikffer gain = 0 . 5  - t 2 i  
b !?y!?amic r-snge = - + 10 vol t s  
o (SI + R , ;  and (S, + P ) buffer shall be non-inverting and the 
( 3 . .  7 ;>:I b u f f e r  s n a i i  De inverting. 
1 3 
,- 
i 
2.2 A% Attcru;:orc 
Per  thc blcc< ' i i c r a n : ,  2 a q a i o g  rnu l t ip l i e - s  s ! ~ : ? :  >e us6-Z :s 42: ctf-enuators 
to cmtrol tht c j i i i z  od:r J t-ar!<t 2 f  L + 23.; arwnd unity gain. The g z i n  control 
voltase i s  i h c  - + 13 volt c u t p u t  o f  tns AGC cclntrcl iniesrator. 
The transfer funct icr :  shall be: 
= 1 + K " -  v eo'ei n , - I T  C 
where 
A -  1 
\ r- 
A- 2 
2.3 AGC Loop Scaling 
The AG6 loops shall have a difference amplifier, a R timed synchronous 
deniodulator dCd an op-amp integrator. The total  AGC loop ga in  and integrator 
time constant shall be such that the AGC loop time constant i s  20 seconds 
when the R coi;,ponent of the buffer amplifier input signal i s  one volt peak t o  
peak. 
2.4 R O u t p u t  S 5 i  
The R component of the (S2 + R2) signal shall be demodulated,'amplified and 
f i l tered as the R o u t p u t  signal. 
p u t  i s  2.5 volts per v o l t  peak to  peak square wave i n p u t  t o  the (S2 + R2) buffer 
stage. 
Gain scaling shall be such t h a t  the d.c. out- 
The output shall be f i l tered by an amplifier having 2 single order lags a t  
0.2Hz. 
2.5 V O u t p u t  Signal Scalinq 
The S component of the (S2 + R2) signal shall be demodulated, amplifted 
and f i l tered as  the V o u t p u t  signal. Gain scaling shall be such t h a t  the dc 
output i s  1.0 vo l t s  dc per volt peak t o  peak square wave i n p u t  t o  the ( S 2  + R2) 
buffer stage. 
The output shall be f i l tered by 2 single order lags a t  0.2 Hz. 
2.6 A V  and AV' S i q n a l  Scaling. 
The difference in the ga in  adjusted S1 and S2 signal  components shall be 
obtained, demodulated, amplified and f i l tered as the A V  output signal. The 
difference in the gain adjusted S3 and S2 signals provides the ~ V ' o u t p u t .  
The g a i n  scaling for each signal shall be such t h a t  the dc o u t p u t  i s  
22.5 volts dc per volt peak to  peak signal diCference referred :a the buffer 
amp1 i f  i er i n p u t s  . 
The outputs shall be f i l tered by 2 single ordel- la::. a-t 0 . 9  " z  
A- 3 
a: 
3.0 CIRCUU DESCRIPTION AND AiIALYSIS RESULTS 
Each o f  the indiv idual  c i r c u i t s  i s  described b r i e f l y  below. The attached 
c i r c u i t  analyses provide an assessment o f  c i r c u i t  performance. The c i r c u i t s  
are also shown on sketch schematics SK-WS-BB-102 and 103. . 
3.1 Input Guffer Stages 
This stage consists o f  a HA2-2700 operational amplf f ier  wi th  a gain o f  
- + 0.5 depending upon which input i s  used as the high side. 
The feedback resistance i s  shunted with a selectable rol l o f f  capacitor 
which i s  used t o  adjust the phase delays between the S2 and S1 o r  S3 charnel. 
3.2 AGC Attenuator Staqes 
The AGC attenuation function i s  implemented with an integrated c i r c u i t  
analog mul t ip l ier .  (Analog Devices AD 530L). 
The AGC control input i s  fed both a +10 v o l t  reference voltage and the 
outp:it o f  the AGC integrator stage through a res i s t i ve  sumning network. Hence 
the nominal gain with no AGC integrator voltage i s  unity. 
3.3 Difference Ampli f ier Stages 
Each o f  the four di f ferencing ampl i f iers uses a l o w  power Harr is HA2-2700 
I C  operational ampli f ier. 
The AGC loop balance signal dif ference gain i s  10. T h w V  andaV' signal 
difference gain i s  15. 
Small (0-50 ohn) selectable series res is tors  i n  the A V  and A V '  stage input  
c i r c u i t s  are used t o  match these dif ference c i r c u i t s  t o  the AGC balance loop. 
Resistor values are selected i n  t e s t  t o  provide a maximum reduction i n  the e f f e c t  
o f  the V signal upon the A V  a n d ~ V '  outputs. 
3.4 Demodulator 
A l l  s i x  o f  the signal processing demodulator c i r c u i t s  employ an ident ica l  
c i  r c u i  t Topol ogy . 
integrated c i r c u i t  which i s  driven from the appropriate dr ive reference signal 
(S or  R ) ,  Pages 5 thru 8 o f  analysis attachment A review the demodulator 
performance c ha rac t e r i  s t i cs . 
The gain o f  a LM108A op-amp i s  switched between 2 1 by a 06129 FET switch 
A94 
3.5 AGC Loop Integrators 
Each of the 2 AGC balance loops u t i l i z e  an operational ampl i f ier  type 
RC integrator. 
The operational ampl i f ier  consists o f  a 2335396 dual FET stage followed 
by a L141d8A I C  op-amp. 
The RC integrat ion time constant i s  set  by a 845K res is to r  and a 2.2 ufd 
my1 a r  feedback capac i tor. 
Analysis pages 9 th ru  13 cover the AGC integrator performance. 
3.6 Output F i l t e r  Ampli f iers 
Each of the output f i l t e r  ampl i f iers uses a LM108A IC op-amp i n  an act ive 
f i l t e r  c i r c u i t  t o  provide two single order lags a t  0.2 Hz whi le providing the 
necessary gain. 
Analysis pages, 14 thru 25, provide a complete performance analysis 
o f  the R, V, A V ,  and AV’ output f i l t e r  ampl i f ier  performance. 
3.7 O!’ERALL PERFORMANCE 
The analysis resul ts  i n  attachment B show how an overa l l  AGC loop time 
constant o f  20 seconds i s  achieved and reviews the various output scale factors, 
o f fsets  and scale factor  s tab i l i t i es .  
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DESIGN ANALYSIS REPOW, PYCaOELECTRIC DETECTOR GAIN 
CIRCUITS OF THE MAPS B R E A W R O  
1.0 SCOPE 0 -
This report provides the design and analysfs docwin ta t ion  f o r  the pyro- 
e l e c t r i c  detector pteampl i f ier  and second ampl i f ier  gain stages. 
2.0 CIRCUIT REQUIRE!!ENTS 
Each o f  3 pyroelectr ic detectors (PIN 8D008) sbal l  interface with a pm- 
a q p l i f i e r  and 2nd ampl i f ier  which have the fol lowing characterist ics. 
2.1 Detector Interface 
a Source Load Impedance - 68.1K 2 1% t o  - 12V 
0 Bias Voltage = -- 6.W - + 2% from - e 50QK dc impedance 
2.2 Preamplif ier 
The preampli f ier shal l  have a gain character ist ic which r i ses  a t  6db per 
octane from 0.32Hz t o  160 Ht. 
The gain a t  39 Hz shal l  be 248 2 10 percent. The preampli f ier equivalent 
input - io ise w i th  the input terminated i n  10K ohms shal l  not exceed 30 NV 
nns i n  a 0.2 Hz bandwidth centered a t  the scene chopping frequency o f  25 Mr. 
2.3 Second Ampl i f ier  
The preampli f ier shal l  be followed by a second gain stage which raises the 
detector signal leve l  t o  the 5 5 v o l t  range. This stage shal l  have i t s  
low frequency response a t  lass than 2.5 Hz and i t s  high frequency r o l l o f f  
a t  greater than 500 Ht. The gain shal l  be adjustable by res i s to r  select ion 
and/or potentiometer adjustment from 10 t o  40. 
6-1 
3.8 CIRCUIT OESCRIQfI0k&D ANALYSIS RESULTS - 
3.1 Pmamplifiw 
A schematic o f  the preampl i f ier  c i r c u i t  It shown on page #l o f  the attached 
analysis. I t  i o  a lso shown on sketch rehmat ic  SK-MAPS-88-105. 
The c i r c u i t  consists o f  a low noise d i f f e r e n t i a l  FET stage followed by a 
LMIOW operational ampl i f ier .  The feedback network around the ampltfier 
then provides the required frequency response. 
Pages 1 Ulru 5 o f  the attached analysis covers the FET stage biasing and 
show an adequate phase margin t o  provide closed loap s t a b i l i t y .  
Pages 6 and 7 provide a tabulat ion o f  the expec td  closed loop response. 
Page 15 i s  a p l o t  o f  measured preampl i f ier  response. 
Analysis pages 9 th ru  12 provide a simplified calcu lat ion o f  the preamplifier 
equivalent input noise and presents t e s t  data whtck shows f a i r l y  close 
agreement. I n  a l l  cases the preampl i f ier  noise contr ibut ion i s  s ign i f i can t l y  
less than tha t  o f  the detector. 
Pages 13 and 14 o f  the'analysis compute t h e  r a t i o  o f  the preampli f ier gains 
a t  23.5 Hz and 39 Ha (o ld operating frequencies) as a funct ion of  component 
variations. For the component a leranzes used* the rss var ia t ion  i n  the 
gain r a t i o  was 0.1 percent. 
3.2 Second h p l i f i e r  
The second ampl i f ier  consists o f  an integrated c i r c u i t  operational amplifSerb 
AR2(HA2-2700) and i t s  feedback network components as shown i n  sketch 
schematic SK MAPS-BB-105. 
Attached ma lys i s  pages 16 and 17 cover the performance o f  the ampl i f ier .  
Potentiometer R7 i s  used t o  sat the overa l l  gain t o  match a pa r t i cu la r  detector 
responslvi ty. 
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ApPulOIX c 
1.0 scapi 
This report provides tAe design B n d ' ' a n a l ~ i s  docmenbt:on fop the 
cooled lead selenide detector prearilplif ier and 2nd - l i f t e r  gain stages. 
2.0 C i rcu i t  fkquirearents 
Each o f  3 lead selenide detectors (FII 80007) shal l  interface with a 
prea ip l i f i e r  and second a s p l i f i e r  gain stage having the f o l l a r i n g  ctmrocterc 
is t i cs .  
2.1 Detector IRterfaEg 
The preamplif ier shal l  be a x .  coupled to a detector which i s  Biased 
from a 100 v o l t  bias and f s  teminated i n  a 1 megohm load resistance. 
2.2 Preamplifier 
The preamplif ier shal l  provide a constant gain o f  50 : 5% over the 
frequency range o f  10 W t o  3 KH2. 
The equivalent input noise shal l  not exceed 56 nanovolts rins i n  a 0.2 Hz 
bandwidth centered a t  the scene chopping frequency o f  177 Ht. 
2.3 Second Prnplif ier 
The preamplif ier shal l  be followed by a second gain stage which raises 
the detector signal level t o  the f 5 wolt range. This stage shal l  havc i t s  
low f q u e n c y  response a t  less than 10 Ht and i t s  high frequency r o l l o f f  a t  
greater than 5 K hz. The gain shal l  be adjustable by res is to r  select ion 
and/or potetrtiameter adjustment from 10 to  20. 
3.0 CIRCUIT DESCRIPTION AND ANALYSIS 
3.1 Preamplifier 
A schentatlc o f  the preampli f ier I s  shown on sketch schernattc SKWS-IB-105. 
The c i r c u i t  consists o f  a low nolse d i f f e ren t ta l  FET stage followed by * 
a LM108 A operational ampli f ier. 
C-1 
..- 
P e s  1 thru 8 of the attached analysis covers #e premplfffer 
perfomwe. AQeQuete biasingr closed loop stability and mise pep- 
f O m m c @  i s  thorn. 
3.2 S e c d  h p l l f i e r  
The sexond amplifier consists of  a HA-2-2100 IC operational amplifier 
and the gain control feedback network. The key performance parameters are 
given on Page 9 of the attached analysis. 
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APPENDIX D 
DESIGN ANALYSIS REPOR?, CHOPPER MOTOR DRIVE AND PICKOFF 
CIRCUITS OF THE MCIPS BREADBIICSRD 
1.0 SCOPE 
This report provides design and analysis documentation for the chopper 
motor dr ive and pickoff c i r c u i t s  o f  the MAPS Breadboard. 
2.0 CIRCUIT REQUIREMENTS 
6 
sp 
The function o f  these c i r c u i t s  i s  t o  provide a variable voltage, variable, 
frequency 2-phase square wave voltage dr ive t o  a synchronous motor and t o  
provide the S and R demodulation t l n i n g  signals. 
Internal  Osci l la tor  
Provide an in ternal  clock o s c i l l a t o r  which w i l l  provide three 
d i f f e ren t  switch selectable motor operating speeds. The b a s k  
o s c i l l a t o r  operating frequencies shal l  be 125HZ, 458H2, and 916HZ. 
Provision shal l  also be made t o  accept an external clock input. 
Two-Phase Drive Loqi c 
Provide two square wave log ic  signals wi th  a 90 degree phase 
relat ionship which have an output frequency which i s  one-fourth 
that  of the clock osc i l la tor .  
Motor Drivers 
* 
Two separate 0A and 0B motor dr ive c i r c u i t s  shal l  be provided whkh 
have the fol lowing characteristics: 
0 
0 
Low impedance square wave out?ut 
Output voltage - w i th in  t 1 v o l t  o f  the supply voltage 
f o r  a range of supply voltages fwn - t 16 v o l t s  to 4 6 0  V01tL 
Dr ive  capabi l i ty  - must dr ive synchronous motor wl th  
characterlct lcs per spec1 f i c a t i o n  2B006. 
0 
d) Pickoff C imu i  t s  
The chopper disc p ickof f  c i  rcui t s  shal l  provide wheel t iming signal s 
as follows: 
0 Lamp bias networks - Each o f  2 l i g h t  emit t ing diodes 
shal l  be provided with a bias current adequate t o  give 
s u f f i c i e n t  detector signals. 
P ickof f  Ampl i f ier  - The outputs of 2 separate phototransistors 
shal l  be sensed and a 0 to + 5 v o l t  square wave developed 
by the use o f  a rem, crossing detector. 
Timing Adjustment delay c i r c u i t  - a delay c i r c u i t  shal l  be 
provided f o r  each p i cko f f  signal which allows an adjustable 
delay o f  the square wave signal by up t o  1 percent o f  i t s  
per1 od. 
0 
0 
3.0 CIRCUIT DESCRIPTION AND ANALYSIS RESULTS 
The motor dr ive c i k u i t r y  i s  shown on sketch schematic SK-MAFS-BBI101 and 
The attached c i r c u i t  analyses sheets provide an assessment o f  c i r c u i t  
the pickoff c i r c u i t r y  i s  shown on sketch schematic SK-MAPS-BB-103. 
performance 
8 
3.1 Motor Drive C i r cu i t s  . 
The basic motor dr ive clock signal i s  obtained f r o m  an SE555 timing I C  which 
The two 90' phase related dr ive signals are then obtained from a cwss  
The dr ive signals are increased t o  15 vo l t s  peak-to-peak by a 2N2222 
i s  connected as a free running square wave osc i l la tor .  
connected 2 b i t  s h i f t  register.  (See analysis page 2.) 
stage and then ac coupled t o  the output drivers. AC coupling i s  used so tha t  
the loss o f  the clock signal or external sync w i l l  r e s u l t  i n  the removal o f  
a l l  motor voltages. 
which al ternately switch one side o f  the motor winding between the plus and 
minus supply voltage. Clamp diodes (IN4944's) across the swl tches provide 
current paths for t ransient inductive motor currents . 
' The output stage consists o f  a complementary pa i r  o f  t rans is tor  switches 
D- 2 
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3.2 Scene and Reference Pickoff Circu i ts  
Two @tototransistar and l i g h t  emit t ing d id?  p a l m  prod& tRe p4- 
o f  the S and R timing signals. As i s  skosen on analysis page 5, a W - m  
IC operattonal ampl i f ier  i s  connected as a voltage camparatop wlth posltlw 
feedbeck t o  develop a square wave output #ns the phototransistar signal. The 
@totransistor output i s  AC coupled so the c i r c u i t  switches only rn am 
crossings and i s  ieanrne to steady s tate l i g h t  leve l  responses o f  the phot@- 
transistor. 
Analysis pages 6 an8 7 show the t iming of the adjustable delay circrrlt 
which provides an overal l  t iming signal delay. The delay equals the prid 
af the one shot c i r c u i t  using Use 2N2222 tmnsis tar .  
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APPENDIX E 
DESIGN Ab48LYSIS REPORT TEblPERATURE SEWSING AI40 C(MQTw0L 
CIRCUITS OF THE MPS BREADBQBBD 
1.0 SCOPE '\ 
n \ i s  report  provides the design analysis docurnentation f o r  the three. 
blackbody temperature sensing c i r cu i t s ,  f o r  the three detector temperature 
sensing and control  c i r c u i t s  and f o r  the on-off temperature con t ro l l e r  
c i r c u  i t . 
2.0 CIRCUIT REQUIREPlENTS 
2.1 Roam Temperature Blackbodies 
For each o f  2 unheated blackbodies, provide an analog voltage 
(rroportional t o  temperature over a minimum range of  7 O C  to 37OC. The 
output signal range shal l  be - +5 vo l t s  with a measuremtvt accuracy o f  
+O .25OC. 
2.2 Heated Blackbody 
For the heated blackbody, provide the analog output over a minimum 
temperature range o f  67°C t o  87OC with an accuracy o f  5 . 2 5 O C .  The 
output signal range shal l  be - 6 1  nominal. 
2.3 Cooled Detectors 
For each of 3 cooled detectors, an analog voltage output shal l  be 
generated using the thermistor internal  to  the detector (per PIN 80007). 
The measurement range shal l  be a minimum o f  ;65OC t o  -90°C with a 
measurement accuracy of - +3OC with indiv idual  thermistor cal ibrat ion.  
I n  addition, the temperature readout voltage shal l  be compared 
wlth a set point  voltage and the difference signal used t o  control  the 
voltage applied t o  each detector thermoelectric cooler t o  maintain a 
constant detector temperature . 
2.4 Q n / O f f  Blackbody Heater Driver 
- 
10 watts max, t o  the blackbody heater. 
An on/off temperature contro l ler  shal l  be provided which switches 28V,  
E-1 
The set point  temperature shall be adjustable from 92 to WOC. 
The switching point dead zone shall be as required for f i 3 O C  
temperature control. 
3.0 CIRCUIT DESCRIPTIONS 
3.1 Temperature Sensing Circuits 
The six temperature sensing circuits are shorn on sketch schematic 
SK-HAPS-BB-104. The circuits are identical i n  the sensa t h a t  a thermistor- 
resistor bridge circuit and a gain scaling isolation amplifier .are used i n  
a l l  cases. 
The three blackbody sensing circuits use YSI precision thermistors 
which provide matched interchangeable temperaturelresistance charactmi stics 
to w i t h i n  - +0.5 percent. 
detector. Because of the wide variation i n  thermistor characteristics 
from detector to  detector, a selectable shunt  resistance is placed 
across the thermistor i n  each case. Individual circuit calibration 
is s t i l l  necessary however. 
3.2 Blackbody Heater Drive 
The three cooled detector circuits use the themistors internal to the 
The blackbody heater d r ive  circuitry and the 3 detector T.E. 
cooler control circuits are shorn on sketch schematic SK-MAPS-BB-101. 
Transistors Q12 (2N2222) and 413 (2N5153) comprise the heater 
on/off voltage switch. A Harris 2700 operational amplifier is used as 
a vol tage comparator t o  drive the wol tage SL itch. ,The blackbody 
temperature voltage is then compared wi th  a ;et point voltage a t  the 
i n p u t  of the voltage comparator to  provide the control action. Positive 
feedback around the comparator sets up the switching dead zone. 
3.3 Thermoelectric Cooler Controllers 
The T.E. cooler drive and control circuits are shown on sketch 
schematic SK-l38PS-B8-101. Each T.E. cwler is provided with a low 
impedance drive voltage from a 
circuit. The emitter follower 
amplifier which uses an LM108A 
der1 ington connected ani t ter follower 
i s  driven by a gain of 100 control 
I.C. Operational amplifier. 
E-2 
The control ampli f ier compares a tmpwatu re  set  point  voltage 
from B potentlometer voltage d iv ider  w i t h  the output o f  the detector 
temperature sensing c i r c u i t  and ampl i f ies the dif ference voltage to 
provide temperature control.  
4.0 CIRCUIT ANALYSIS 
The attached sketch sheets provide supporting c i r c u i t  per fomnce 
analyses. 
Pages 1 through 4 o f  the attached analysis show a rss uncertainty i n  
the unheated' blackbody temperature measurements of f37.2 m i l l i v o l t s  or - 6.0.14OC a t  a nominal temperature o f  22'C. 
The rss uncertainty i n  readout a t  7 7 O C  i s  +0.2OC. 
using data from opto-electronics detector SjN 005. As the data shows a 
thermistor shunt res i s to r  must be selected f o r  each detector and a separate 
output ca l ibrat ion curve w i l l  be needed because o f  the differences i n  
the detector thermistors. 
Pages 5 through 7 give the program resu l t s  for the heated blackbody. 
Pages 8 and 9 cover the cooled detector temperature sensing c i r c u l t s  
Page 1G shows the thermoelectric cooler dr ive c i r c u i t r y  and reedback 
control amp1 i f  ie r .  
Analysis pages 11 through 14 cover the temperature con t ro l l e r  c i r c u i t .  
An adequate dr ive capabi l i ty  i s  shown along w i th  an adequate set  po int  
adjustment range and dead zone. 
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GROUND SUPPOKC UNIT DESIGN AND FABRICATION 
INTRODUCTION 
The Ground Support Unit (GSU) was designed to  8erve as t h e  radiometric 
mlibration standard Eo. 
simulating a broad range wrw temperatures and pc l lu t an t  concentratfans.  
It allows a complete end-to-end checkout and ca l ib ra t ion  of each MISS channel. 
It was designed for use i n  the performance evaluat ion of  the BRt brassboard 
interfaced w i t h  t he  TF(W signal pzocessor and prior to t h e  red i rec t ion  of 
the  cont rac t  it had been intended to  be used i n  the  performance evaluation of  
a l l  models through t o  the f l i g h t  model. 
rad ia t ion  source and absorption gas cel l  whl -h may be adjusted over the  
tempe'rature range 24OoK t o  320°K and placed between the  t a r g e t  source and 
ea& individual MAPS channel. 
-he W S  'mtrument  and provides a capab i l i t y  for 
The GSU cons i s t s  of a blackbody 
COKPONENT L~LSIGN FEATURES 
Blackbody Target Source 
A blackbody source w i t h  a minimum clear aperture  of 12 cms. w a s  Purchased 
from Eppley Laboratories. 
350 K, t h e  lower temperature being achieved by a thernioelectric cooler  
backed by a Lauda Brinkmann re f r ige ra to r .  The source i.s complete w i t h  f i v e  
21 stinum res i s tance  thennor,-ter sensors which are gapable of monitoring t h e  
uniformity and accuracy of the source t o  + 0.1 C. 
0 The source has  an operating range of 240 K t o  
0 
0 - 
Absorption Gas C e l l  
The absorption gas ce l l  cons i s t s  of a type 304 s t a i n l e s s  s tee l  double walled 
cylinder of 5 metre length between germanium windows. 
t w o  f o r  cell windows and one each for pressure and temperature feedthroughs, 
and pump and mapifold couplings. Multiple c i r c u l a r  b a f f l e s  are located 
The cell  has  four  ports, 
F- 4 
between the  double w a l l s  of the cell to restrict the coalan t  f l u i d  flow, 
reduce any dead spaces within t h e  volume, an8 reamwe any thermal non- 
uniformities within the cell. 
located within the cell, three a t  each end and three located i n  the centra 
of the cell to measure t h e m 1  uniformity of the gas within the cell. 
Mine copper-constantan thensbcouples are 
C e l l  window material is genaanima. 
broadband A.R. coatings > 90 percent required per window i n  each of the required 
spectral regions to achieve a cell transmission > 80 percent. 
chemtically compatible to  s m a l l  concentrations of the proposed test gases a d  
its absorption coe f f i c i en t  does not change s ign i f i can t ly  over the temperature 
test range. The entrance window clear aperture is 12 a. x 0.S caa. thick and 
t he  e x i t  window clear aperture is 9 cms. x 0.3 cm. thick. The A.R. coatings 
used have a vaiour pressure 10 Torr. 
Ge has transmission properties w i t h  
It is also 
-3 
Pressure Transducer 
An M.K.S. pressure transducer with a 0 to  1000 lbrr head was i n i t i a l l y  installed 
i n  the absorption cell  to  act as the absolute  standard for gas concentration 
nreasurearents. However a f t e r  de l ivery  it w a s  found that the R.K.S.  capacitance 
manometer had insu f f i c i en t  accuracy and also suffered from considerable d r i f t  and 
could not be used as the  absolute standard i n  the region Torr - 1 Torr. 
To overcame t h i s  d i f f i c u l t y  an NRC-801 therrsocouple gauge w a s  installed i n  
the absorption cell and on t h e  manifold to measure ul t imate  vacuum and leak 
rates. 
regular in te rva ls .  
The ca l ib ra t ion  of the therraocouple gauges should be ver i f i ed  a t  
A double stage rotary pump w i t h  a pumping speed of 100 l i t res /minute  is used 
to evacuate the  cell and manifold. 
s ieve  t r a p  an u l t ima te  vacuum of  1 x 
cell. 
W i t h  this pump i n  series with a molecular 
Torr was achieved i n  the absorption 
F-5 
Heat Exchanger 
A n  P.T.S. d e l  FC-50-40 coppressor v i t h  a We1 PyJpmbe  is used to Frowide 
tbe cooling capabi l i ty  to  t?e c i r cu la t ing  f l u i d  between tbe cell w a l l s .  'phis 
coe\binatian with the probe imaersed in an insula-. w e l l  stirred, OPen 
devar containing 8 litres of me44mml and a roa ambient of 24OC has a oooling 
capaci ty  of f lz00 Yat lx .  
with a 1.2 kv heater p oportims pouer to the beater to achieve control accuracy 
of the f l u i d  i n  the devar of O.l°C. 
C act- -t 
A proportional therrocouple temperature c o n t r o l l e r  
lhenaocouple Readout 
The nine themocauples located within the zbso-qtion cell are read out on a 
Doric multi-channel d i g i t a l  thermometer with a reso lu t ion  of 0.1 IC. 0 
Test  Gas Specif icat ions 
Research grade test gases  with c e r t i f i e d  ana lys i s  are used and introduced to  
the cell manifold v i a  high p u r i t y  s t a i n l e s s  steel s i n g l e  stage regulators which 
have been h e l i m  leak tested. 
d 
The gases provided are as follows: 
1. Xatheson pu r i ty  ni t rogen with ana lys i s  f o r  hydrocarbons and dew point .  
2. 0.03 percent anmonia in nitrogen to  a c e r t i f i e d  standard.  
3. 0.3 percent carbon monoxide i n  nitrogen to a primary standard contained 
i n  an aged cyl inder .  
F-6 
Insulation 
4be abgorption cell is insulated w i t h  three! incbes of polyuretharre foam to 
reduce the effect of conductive and conwectiw beat lasses whe~ operating the 
cell at -natures belaw ambient. 
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G.S.U. SUBSYSTEM TESTS 
1. Inner Cell Leak Test July 8 to 14 -- see Figure lA, lB, 1C. 
1.1 The G.S.U.  gas cell minus outer covering, port flanges and end flanges 
was leak tested with dummy flanges and ports. 
monitored with a Varian 801 thermocouple gauge with 531 thermocouple head. 
Preliminary tests were carried out with the cell in the same condition as it 
was delivered from the welder, that is with the welding blemishes from the 
attachment of the circulation baffles. These tests indicated that the cell 
leak plus outgassing rate was 7 + 1 p/minute. In addition negative results 
were obtained (indicating no leaks) when the cell welds were sprayed 
with acetone. 
The cell pressure was 
- 
1.2 After this test the decision was made to grind oL-t the weld blemishes 
since they obstructed the placement of the T.C.  rack and were potential 
sources of outgassing. 
cleaned of any loose metal and flushed with tetrachloroethylene until 
na residue appeared on a clean kimwipe used to scrub the inner cell wall. 
After the welds were ground out the cell was 
1.3 The second inner cell vacuum test proceeded as the first. The leak 
plus outgassing rate was approximately 3 p/minute and the acetone spray 
gave negative results. 
.4 that of the preceeding test (1.1). This indicated that cleaning the 
cell inner walls and/or removing the weld blemishes reduced outgassing. 
The cell exceeded the leak specifications (20 p/minute) by a factor of 7 
times and was cleared for welding the flanges, ports and outer shell. 
The leak and outgassing rate was approximately 
2. Checkout of the MKS Capacitance Manometer. May 30 to June 3. 
F- 8 
2.1 In order to test the MKS system, the pressure head was attached to a 
rotary pump vacuum system to which a Varran thennocouple head and 
Vacustat McLeod gauge were also attached. Pressure readings were 
taken with the pump valve closed so that all gauges were at the ~ a m e  
pressure during the test. 
set was made three hours after switching on the electronics and khe 
second was made three days after switch on (the latter set was taken 
to ensure that measurements were taken after the system had adequate 
time to thermally stabilize). 
Two sets of measurements were made; one 
2.2 Friday Observation (hay 30) -- see Figure 2. 
The MKS capacitance manometer system exhibited zero drift that exceeded 
the absolute pressure accuracy specification of 10 
was 1,000 Torr. 
The drift measurements were made after the manometer and associated 
electronics had warmed up for two hours (with tbs manometer thermal regulator 
on). 
calibrations had been set. 
by checking wkh  a McLeod gauge and a Varian thermocouple gauge, both of 
which gave the same absolute pressure to within + - 5 l~ with no indication 
of pressure drift. 
-5 of full range which 
The drift observed was positive and exceeded 1.0 Torrhour. 
The quad setting had been minimized and the null and full scale 
The system pressure was verified not to drift 
2.3 Monday and Tuesday Observation (June 2 and 3) -- see Figure 3. 
d 
The MKS manometer was run on the vacuum system over the weekend (the system 
pressure was unchanged Monday morning at 40 p .  
40 IJ and the pressure monitored for 24 hours. 
initial drift of 
the MKS pressure reading fell to -.57 Torr overnight (net rate of 0.1 Torr/ 
hour. 
The MKS zero was Set at 
The manometer showed an 
- .02 Torrhour which was reasonably linear. In addition 
2.4 On the basis of these measurements the MKS head was returned for replacement. 
F-9 
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3. Checkout of Replacement MKS Head and Pressure System (July 14) 
3.1 A f t e r  receipt of  t h e  MKS replacement head a second calibration test 
w a s  carried out. 
i n  the 0 to 1000 Torr region (as requested Sy BRL). 
MKS indicated t h a t  no systematic c a l i b r a t i o n  i n  the region had been taken 
and t h e  cons t r a in t s  did not  allow t h e  head to be returned to MKS for 
ca l ibra t ion .  
MKS again had no t  supplied a ca l ib ra t ion  €or the head 
Communication with 
3.2 The MKS head w a s  a t tacned t o  t h e  Alcatel vacuum pump and pumped down. 
The DVM (170 - M - 2 5 )  readout for t h e  MKS head read 12 v 
overload with the  e l ec t ron ic  s e t t i n g  on n u l l  (0.0 V output ) ,  F.S. 
(10.0 V output) and with the  DVM inputs  noted. Operation of  t h e  MKS 
head and e l ec t ron ic s  (minus t h e  DVM) w a s  ve r i f i ed  with an AVO meter. 
A replacement DVM w a s  requested (shipped from MKS on July 14) .  The 
rest of t h e  MKS system w a s  checked o u t  with an H.P. DVM and with a 
McLeod and Varian pressure head to calibrate the  MKS head. 
3.3 After  t he  system pressure had stablized (both on the  Varian thermocouple 
and t h e  McLeod) the  MKS showed a negative pressure d r i f t .  
Varian and McLeod pressure readings were monitored f o r  a 15 hour period. 
The Varian and McLeod readings remained stable a t  SOP and 4 0 ~  respec t ive ly  
during the  15 hour in t e rva l .  
to  - 2 0 0 ~  during the  same i n t e r v a l  f a l l i n g  most qapidly i n  the  first t w o  
hours (e.g. 1450 to  1 3 5 ~ ) .  See Figure 4. 
The MKS, 
The MKS pressure reading decayed f r o m  1 4 5 0 ~  
3.4 Communication with MKS indicated t h a t  t he  system performance w a s  genera l ly  
measured a f t e r  stabil ization f o r  a t  least 3 hours. The "absolute" accuracy 
statements i n  the  MKS l i t e r a t u r e  were concluded to  be va l id  for only s h o r t  
term measurements. Our test indicated absolute  pressure measurements have 
an accuracy no g rea t e r  than + 2 Torr unless  ca l ib ra t ed  with another absolute  
pressure head. 
- 
.. 
-. 
I 
.. 
- .  
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4. Vacuum Pump Checkout (July 13) 
The McLeod pressure gauge was connected directly to the Alcatel 
vacuum pump. 
molecular sieve) was measured a t  1 . 4 ~ .  
have absolute accuracies of + 3~ (Ref. Edwards vacuum components 
catalogue pp. 111, 112). 
The ultimate vacuum obtained for the pump (without the 
McLeod gauges of t h i s  type * - 
(* at  pressure from l o p  to OD) 
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5. Checkout of Varian TC Gauge (July 16) 
5.1 The Varian TC gauge and the McLeod gauge were attached to the Alcatel 
vacuum pump (with molecular sieve). 
the Varian thermocouple gauge read 3 0 ~  while the McLeod gauge read 
5p. 
the McLeod remained at 5p. After about 10 hours the Varian stabilized 
at lop (McLeorl read 5 ~ ) .  The Varian gauge reading remained at lop for 
about 5 hours (until the system was pressurized). 
One half hour after the pump down 
The Varian thermocouple pressure reading then slowly fell while 
Subsequent measurements with the Varian thermocouple gauge confirmed their 
zero drift. In order to obtain an accurate pressure zero with the Varian 
pressure gauge it should be held at a vacuum that is better than lop 
for at least 10 hours. 
! 
.- I 
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6. 
6.1 
6.2 
6.3 
Checkout of Blackbody System (July 22).  See Figure 58 6. 
The blackbody system was interconnected per the Eppley instructions. 
Operation of the Doric platinum resistance thermometer was verified 
at room temperature. The platinum resistance thermometers read 
room temperature to within .2"c (no control on BB temperature). 
0 The Lauda Brinkman cooler was set at -10 C and the compressor was 
switched on. After 1 hour 45 minutes the temperature of the bath (with 
circulation pump off and no thermal load) read +10 C. 
pump was switched on and the blackbody T.E. cooler was set at 1,000 
(low range). 
The coolant temperature rose from 10 C to 25 C. 
the T.E.  cooler was thermally overloading the Lauda Brinkman cooler. 
0 The circulation 
The BB temperature fell to -40° and then began to rise. 
It was apparent that 0 0 
The test was repeated with the T.E. cooler at a setting of 28500. 
this test the BB temperature reached -2OOC then began to rise when the 
In 
0 
' coolant temperature went from +14.SoC to about 35 C. 
6.4 It was concluded that the Lauda Brinkman cooler could not handle the 
1.50 watt maximum thermal load of the blackbody T.E. cooler. 
cooling power of the Super K2R cooler was 250 watts. 
were made to have the refrigerator unit repaired or replaced. 
The rated 
Consequently, efforts 
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7 .  Vacuum Test of  the  Completed C e l l  (July 23 to Ju ly  25. See Figure 7. 
7.1 The completed cell (with end flanges,  port flanges and ou te r  s h e l l )  w a s  
connected t o  the  Alcatel vacuum pump with molecular sieve.  
thermocouple, McLeod, and MKS pressure gauge were connected to  the 
i n l e t  of the pump upstream of t he  ga te  valve with a "Tee" coupling. 
The upper f lange was sealed with the doubler flange, germanium window, 
and window re ta in ing  r ing  (per assembly drawing). The lower f lange 
w a s  sealed with a f l a t  plate and "0" r ing .  
The Varian 
7.2 The system w a s  pumped down and the  pressure read on the  Varian thermocouple 
and the  McLeod gauges. 
about 5p i n  one hour. 
The cell pumped to l o p  i n  about 5 minutes and to  
7.3 The main gate  valve was closed and t h e  pressure monitored w i t h  t i m e .  
The Leak p lus  outgassing rate with the McLeod w a s  3.11~/minute, w i t h  
the Varian thermocouple, 13p/minute and with the  MKS, 3.8p/mnute. 
The MKS rate w a s  measured by the  decrease i n  pressure when the  system 
was pumped out  (after being closed off 10 minutes). 
d r i f t  of the MKS did  not  a f f e c t  t he  reading because the  pump out  occurred 
i n  less than 10 seconds. 
In  this way the 
The d i f fe rence  i n  readings between the  McLeod, MKS and the  Varian 
indicated t h a t  t he  Varian w a s  more sens i t i ve  to an outgassed component 
than e i t h e r  of the  displacement type ga'iges. 
s ince t h e  Varian is sens i t i ve  t o  the  thermal conductivity of the medium 
surrounding the  gauge, which changes with molecular weight as w e l l  as 
pressure. 
z 
This is not  unusual 
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7.4 A l l  welds on the  cell were sprayed with acetone while the  system w a s  under 
vacuum (gate  valve closed) and no leaks were detected.  
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Vacuum T e s t  of Completed C e l l  Coolant Chamber. J u l y  28. See Figure 8. 
The coolant chamber was connected to  the vacuum pump with f l e x i b l e  
t e f l o n  tubing. 
removed. 
A l l  welds on the  outs ide  and t h e  in s ide  of t he  cell were t e s t e d  by 
spraying with acetone. 
The inner  chamber w a s  pressurfeed and t h e  window was 
The outer  chamber pumped down to  301i on t h e  McLeod gauge. 
No leaks were de tec ted  i n  t h e  coolant chamber. 
F-15 
9. Checkout of Brinkmen Lauda Cooler after "Repair" 
The Lauda Brinkman cooler was set a t  -20°C and the compressor switched 
on. 
on, T.E. cooler off) w i t h  time. The temperature of the bath fe l l  to +15OC 
(from 27OC) i n  31 minutes, then began to rise. The thermal overload relay 
on the compressor motor began switching a t  the point i n  time that the bath 
began to warm up. 
overload switch or a faulty compressor motor that caused the system to 
overheat. 
to have the system replaced or repaired. 
The temperature of the coolant i n  the bath was monitored (circulator 
The problem was diagnosed as either a faulty thermal 
Communications were resumed w i t h  Brinkman and Eppley i n  order 
1 
I 
I . I  
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10. Checkout of t h e  FTS Temperature Control Syrtem 
The FTS bath was f i l l ed  with methanol and water so lu t ion  and the 
cormpressor, pump and stirrer were hooked up. 
operations were verif ied.  
when connected t o  t h e  mains w i t h  an extension cord. 
across t h e  cord indicated that the s t a r t i n g  cur ren t  of tha compressor 
caused an 1 W  drop when t h e  compressor w a s  switched on. 
operated s a t i s f a c t o r i l y  when connected d ixec t ly  to the mains through its 
own power cord. 
14 hours when the ambient temperature w a s  +32.22 (AT = 64.7OC). 
The stirrer and pump 
The compressor motor operated i n t e r m i t t e n t l y  
Checking t h e  voltage 
The compressor 
The system achieved a bath temperature of -32.5' i n  
F-17 
11. esu Dekrgg ing and Calibration 
11.1 Calibration of Gas C e l l  Tkrmample 
'phe nine -a tkxmtcouples to be used in the gas cell were 
interconnected with the Doric  D i g i t a l  PheZmUmple reaaoUt p@r 
Dor ic  instructions. 
in plastic and attached to the b d a  Brinkam cooler bath themmeter, 
near the bulb. 
and span controls were set 80 that the Doric reaibut corresporded 
to the Lauda Brinksurn thexmamet@r. phe bath was the. Cycled fraPl 
-5.4OC to +49.2Oc in a one hour period. 
nik thermocouples a t  eight temperatures. S@e Table 1. A t  the highest 
temperature the potential across tennoample #S and #6 (I6 in water 
ice 'Lath) was measured. 
calibration carried out by Orenaa. 
couples correspoa to ~41.33~~ ooslpared 9 an average reading of 
54.41OC for the rest of the -uples. 
in absolute temperature (at 54.40) is estimated a t  .Oe°C. 
%%e ends of the thermocouple were sheathed 
A f t e r  a prelhhmry calibration IC\IIL the Doric zero 
Readings were taken for all  
-le I S  was supplied w i t h  an absolute 
The woltage across these therplo- 
Thus the maximum error 
. -  
-. 
I. 
! 
*. 
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L.B. 
Th@- 
meter .- 
-5.4 
-1.1 
+2.8 
+lo. 8 
24.1 
25.3 
36.5 
49.2 
TABLE 1. 
-5.4 
1.2 
2.7 
-5.8 
2.7 
24.0 
25.3 
36.5 
49.2 
23.9 
25.2 
36.5 
49.2 
0 
C 
W 
W 
a 
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11.2 Debaxmima Vacuua System 
1. 
2. 
3. Mimifold 
Vacuum pump to rn Val-  and 5" shroud and manifold pumpline 
Vacuum pump to panifold and shroud ga te  valve 
4. ~rouBpuupliIl@ 
5. Gas cell 
5.  Black W y  &road 
Each subsystem was tested by spraying couplings, j o i n t s  and valves 
w i t h  acetone. 
rates were s * s u r e d  (where possible). Only minor leaks were detected 
and these were elirainated by t igh ten ing  the vacuum couplings. 
rnolecuiar s i eve  f i l t e r  was fomd to outgass  bu t  this was remedied by 
replacing the charqe of the molecular s ieve.  The vacuum pwapline (1) (2) 
PlBlped down to 6u i n  15 minutes and fell to about 2u in three hours. 
%'be planifold and shroud puplpline (3) (4) had a leak p l u s  outgassing rate 
of 2u/nriaute a& pumped down to 2 5 ~  (on the manifold thermocouple pressure  
gauge) after 16 hours. The gas  cell had an outgassing rate (after 48 
hours of continuous pumping) of l.Su/minute and an u l t imate  wacuum (by 
tknmcouple pressure gauge) of 1 . 3 ~ .  The blackbody shroud reached 
2 8 0 ~  i n  about three hours. 
In  addition u l t i a a t e  wacuunm and leak plus outgassing 
The 
# 
11.3 Debugging C e l l  Fluid Ci rcu la t ing  System 
The C e l l  c i r cu la t ion  chamber w a s  f i l l e d  w i t h  f l u i d  by venting with the  
plug a t  t h e  top of the  cell with the  FTS c i r c u l a t i o n  pump running. The 
f l u i d  level of the bath w a s  monitored f o r  72 hours a f t e r  t h i s  to d e t e c t  
any leaks i n t o  t h e  f l u i d  c i r c u i t  (cell, p ipe l ine ,  p ipe l ine  connections) 
which would have r e su l t ed  i n  an increase i n  the  bath leve l .  Mo increase 
of  t h e  bath l eve l  w a s  detected.  
11.4 Debugging Replacement Blackbody C o o l e r  
.. . 
.. 
. .  
! 
I 
The replacement Lauda Brinkman cooler was connected to t h e  blackbody. 
The bath was charged with methanol and the  compressor run (with the 
F-20 
11.4 (Continued) 
ther circulation pump off) until the bath temperature was -20°C (1s hol 
The circulator was then switched on. 
fell to -12OC in about one hour. 
set at 2,000 and switched on. 
-41 C in 8 minutes. The T.E. control was reset to 2,350 and the BB 
temperature stabilized at 40.0° i .lot for two hours. In this time 
The Black Body temperature 
The Temptonic T.E. control was 
The Black Body temperature fell to 
0 
0 the coolant temperature rose to about -9.5 C, 
able I1 
Elapsed time after 
TE cooler switched 
on (minutes) 
0 
2 
5 
8 
13* 
43 
114 
133 
*reset TE control 
to 2,350 
0 C 
Black Body 
Temperature 
-12 
-26 
- 36 
-41 
-40 
-39.9 
-40.06 
-40.10 
0 
See Table 11. 
! 0 C 
Coolant 
Temperature 
- 19 
-17.5 
-15 
-13.5 
-13.0 
-12 
-10 
-9.5 
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Formal Acceptance Tests we= carried out on the G.S.U. at  ERL premises on 
September 4 t h  an8 Sh, 1995. 
BRL Q.A. personnel and a TRW representctive. 
included. 
These tests were carried out in the presence of 
The test data recorded are 
SHIPPING 
A copy of the shipping order for the G.S.U. is included. 
was on hand at TElw lo assemble the GSU after receipt of shipment at TRW. 
was accomplished and a l l  systems checker! out to TRW satisfaction. 
A BRL representative 
This 
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QUALITY ASSUWCE 
The document package assembled by Qual i ty  Assurance f o r  196-11 GSU is on 
f i l e ,  and is to a l l  i n t e n t s  and purposes s t ruc tured  in the following manner. 
1. The Receiving Function 
Copies of Purchase Orders, Packaging Slips,  D r i l l  Certificates, T e s t  Result  
Sheets, C e r t i f i c a t e s  of Compliance and a l l  r e l a t ed  correspondence together 
1 with BRL Accept, T e s t  and/or W j e c t  Tags are cross referenced cwapletely ! 
and recorded i n  an "Incoming Materials Log", such log  a l loca t ing  R/L (Release 
Numbers) that act as common demonimations to individual  incoming Occurrences. 
2.  Assembly and In t e rna l  Manufacture 
A l l  work tasks performaneed i n t e r n a l l y  are qua l i f i ed  by Q.A. acceptance tags, 
a l l  such tags  having been re t r ieved  and assembled i n  the Q.A. f i l e s .  
3. Correspondence BRTJTRW 
Copies of a l l  correspondence by BRL and by TFtW related to Qual i ty  Assurance 
remain on Q.A. f i l e s .  
4. GSU Acceptance 
Copies of a l l  acceptance test and test data information are on Q.A. f i l e s ,  
as ye t  w e  still mait r e tu rn  from TRW signed copies of the formal acceptance 
test document and the  I R  501108 t h a t  w i l l  "buy off" the deviat ions from spec i f i ca  
F- 23 
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CHAR ACT ERlSTlC 
1.1.3. 
1 . 1 . 4 .  
PARA. 1.2.1. - - 
1 . 4 . 2 .  
P A R A .  1.5.3. 
1 . 5 . 5 .  
1.5.7. 
PIrRh . 1.6.3. 
l.G.4. 
J 
I REM ARKS TILIE tlEASURED etc. PECIFICATIO~I 
i 
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I -- -- .-- 
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REtJRRKS 
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BARR I N GE R R E 5 E A R CH L I 14 I 'r E 0 ,  
TORONTO,  ONT., CANADA 
INSPECTION REPORT 
1.m. 
n*7 e ...$ cez... ...... 
- W . c O I f . 4  C E # t U I i i  _- RGICAr4 1 NO. 
INSTRUCTIONS: 
U 
ST A M P  
Q T Y .  
M.R.O. A P P R O V C I L  
I I 1 
. .  
. .  
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OPERATIONAL, NAtJUALS 
1. Eppley - delivered to TRW w i t h  GSU 
2. Lauda - included in this package 
3. MKS - delivered to TRW w i t h  GSU 
4. N E  - included in this package 
5. FTS - delivered to T R W  with GSU 
6.  Doric - delivered to TRW with GSU 
7 .  BRL - included i n  this package 
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APPENDIX G 
MAPS ELECTRONICS BREADBOARD TEST PROCEDURE 
G- 1 
Revision A 
August 11 , 1975 
MAPS ELECTRON I CS 
UHEAOUOARD TEST PROCEUbRE 
1 .o SCOPE 
This procedure covers the f ina l  perfonriance test ing o f  the MAPS 
Electronics breadboard exclusive o f  the c i r c u i t r y  contained i n  the 
op to-mec hani ca 1 head assenibl y . 
2.0 TEST CONDITIONS 
2.1 Test A r t i c l e  
The MAPS electronics breadboard consists o f  a chdssis assembly 
containing 4 breadboard c i r c u i t  asseinbl ies whose sketch schematic 
i qen t i f i ca t i on  i s  as follows: 
Bd. #l - SK-MAPS-BB-101 Taiiperature Control and Motor Dr ive 
Bd. #2 - SK-MAPS-B6-102, Signal Processing - A 
Bd. #3 - SK-MAPS-BB-103, Signal Processing . B 
Bd. #4 - SK-MAPS-b6-104, Teniperature Sense and Bias Regulators 
Breadboard input/output connectic 11s are del inedted i n  sketch 
I SK-MAPS-BB- 107. 
2.2 Test Equiphilent -
Testing o f  the breadboard w i l l  be performed using the special power 
supply panel t o  provide the various Seconddry voltages. 
signals from the opto-niechanical sensing head w i  1 I be provided from a 
special head simulating kludge box. 
Inputs simulating 
Siniulation o f  various' thermistor inputs w i l l  be provided by decade 
resistance boxes. The motor, tiedter, and T. E. Cooler loads w i l l  be 
represented by a set  o f  load resistors.  
I n  addi t ion 'to the above mentioned speclal itenis, the fo l lowing 
addit ional t es t  equipment i s  needed: . . 
0 
G-2 
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2.2 T x s t  Equipiiient -- - contiiiued 
0 f unc t i oii Geiiera t o r  , Wave tek 
0 bsci 1 IOScOile, Tektronix 
0 W Type, Plug- 111 for  Tektronix Scope 
0 DVM, DC dnd rnis AC 
0 Court te r  , f rcyuency 
0 S t r i p  C h c r r t  Recorder, L t h o r i i  
0 Data l rdns la to r  Box, THW Syecidl t o  in ter1 ... e DVM t o  an 
HP9100 C,11 culd t o r  
0 tIP9100 Cdlculdtor 
0 VOM 
2.L.1 Test Equipiilent D c x r i p l i o t i  
2.2.1.1 Sens ig  Head Sinulator -
\ 
This u n i t  provides the S and R t iming inputs as wel l  as the 3 
s in iu la td  radidrrce input siqndls denoted (S1 + R1), (S2 + R2) and 
(S3 + R3).  Potentiotiieters on the simulator a l l o w  the adjustiiient o f  
the balance signal leve l  (R), the coilnilon scene signal leve l  (S) and 
the addi t ion of  s t i u l l  scene SiCJndl cotiiporiettt t o  the (Sl + R1) and 
(S3 + R3) signdls (s isu la t ing  the A V  atid A V '  signals). 
I n  addit ion, the r e l a t i v e  aniplitudes o f  the (S1 + R1) o r  I S 3  + R3) signals 
may be adjusted without chdnyiiig the r a t i o  o f  scene signdl  t o  balance 
signal. (This sittulates "individual chanwl  gain variat ions.) 
2.2.1.2 Lodd Simulator 
The chopper motor, the BU tiedter, d i d  the 3 T ,  E. Coolers are 
1 
1 .  
.- . 
I .  
simulated by a set o f  load res is tors  as fol lows: 
2-Motor Coi ls - 1000 
0 1-BB Heater - 82.5 ohis  
0 3-TE Coolers. - 21.5 o h s  eactl 
otiris edcti (represents aflv C ~ S B  only) 
2.2.1.3 --- D d t d  Reduction U n i t  
This u n i t  accepts d , . ~ d  from the D ig i td l  Voltliieter and fornldi j  i t  f o r  
readout t o  a Ht'9100 calculator.  
provide the niean ai1.i 
readings . 
The ColculJtor i s  then progrdiiuned t o  
,Iridard devidt ion o f  d selected nunibzr o f  DVM 
Revision A 
August 11 1975 
3.0 PROCEDURE 
3.1 Procedure Perfonlance 
The c tep-by-step procedure f o r  the functional test ing i s  given 
below. The t e s t  sequence given i s  not maiidatory. Test resul ts  should 
be recorded i n  the spaces providdd i n  the body o f  the procedure. 
3.2 Test Setup and Preliminary Checks 
’ Interconnect the MAPS b r e a d b o d  and the power switching uni t .  
Connect the head simulator t o  the breadboard v i s a  breakout box t o  
head connector 53. Connect the d m w  loads tu head connector 42. 
Switch on the electrori ics ulrd measure and record the fol lowing 
input aiid bias voltages: 
(a) Inputs 
e +15V I N  Q p i n  1 o f  31 = f / g f l d  
0 - 1 9  IN Q p i n  2 o f  31 = -AS-@$/ 
+ 5\1 IN Q p i n  3 of 51 = +u‘,~rs’J -.- 
(b) Reguldred k12U Outputs 
0 +12W-l @ p i n  7 o f  53 = + / 3 . f f / 4 ’  
0 +12V-2 Q p i n  8 o f  53 - ++./J*trllb’ . 
0 +12V-3 0 p i n 9  o f  33 = +/>,&’“ 
0 -12V-1 Q p j n  10 of J 3 a  - - / . 2 0 ( 1 /  
-12V-2 8 p i n  11 of 33 = - - / , ? - C i v  
0 -12V-3 @ p i n  12 of 53 = - i J . @ j Q  
(c) Internal  *1OU B i a s  Voltages 
. o  +1OV @ p i n  6 o f  AR7, Board 3 = 
0 - l O V  @ p i n  6 o f  AR8, Board 3 = 
t Z Y V 2 d  
- ‘1. 57.2v 
(d) Regulated +1OOV Output 
Switch on the + 1 ~ 0  v o l t  input and measure the fol lowing voltages: 
0 +130V input @ p i n  7 o f  J1 = +/L?fijJ 
0 1OOV-1 0 p i n  38 o f  33 = t t J d , / J d  
0 1OOV-2 @ p in  39 of 33 = l & ) , / $ d  
0 1OOV-3 @ p i n  40 o f  53 = / ’ t W , / > J  --
Rev I ..ion A 
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3.3 Motor Dr ivLr Tests 
Th:  pirpose of  these tests i s  t o  check out the 2 phase sjnchronous 
motor dr ive electronics. 
Ttie c i r c u i t  can operate a t  3 selectable frequencies using an 
in ternal  clock or  can use an 
also has three Lelectable values as deteririned by a switch on the 
u n i t  power panel. The tes t  sequence i s  as follows: 
ternal clock. The niotor d r i ve  voltage 
Set the breadboard clock frequency switch i n  the low 
pos i t ion  and ttiu clock select  switch i n  the in te rna l  
posit ion. 
Put the motor voltage switch on the power panel i n t o  
the 20 v o l t  posit ion. 
Turn on the niotor.voltage and ctieck the +A and gB motor 
d r i ve  signal a t  pins 9 and 11 o f  52. 
Ver i fy  tha t  square wdve outputs are present with an 
oscilloscope. Measure and record the peak t c  peak amplitude 
and ve r i f y  tha t  a 90" phase re ld t ions l i ip  exists. Also 
measure the dr ive signal frequency. Record the resu l ts  
bel ow: 
0 PP voltage, +A * 32vCIp 
0 PP voltage, +B = -3 APff 
0 90' phasing D / 
Drive frequency = W r  %MY 
Switch the frequency select  switch t o  the nild and high 
posi t ions and record the dr ive  frequency. 
0 Mid pos i t ion  //3 I lz. 
0 H i  pos i t ion  225 Hz. . 
G- 5 
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3 .3  Motor Dr iver Tests - contiriued 
( f )  Return the frequency select  switch t o  the low posit iolr and 
s w i l ~ t l  the inotor voltage switch t o  the 40 v o l t  posi t ion.  
I-leasure the peak t o  peak dr ive  outputs. 
0 PP voltage, gA = 7Jd@ 
0 PP voltage, +u = 7 2 1 ’ p c  
(9)  Put the iiiotor voltage switch i n  the 60 v o l t  pos i t ion  dnd 
repeat S t q J  (f). 
0 PP voltage, gA - /W’r‘ 
0 PP voltage, 48 = J & H / ~  
(h) Put the clock select  switch i n  the ex-arnal posi-ion. 
Ver i fy that  the gA and $B outputs go t o  zero. 
\ 
Outputs zero, __ ’ Check t o  v e r i f y  
(i) Connect a square wave funct ion generator t o  the external 
clock input and adjust f o r  a 100 llz square wdve output o f  
5 vo l t s  peak t o  peak about zero. ChecA t t d  $A and 08 
outputs and ve r i f y  tha t  the output d r ive  i s  a t  one-fourth 
o f  the i npu t frequency . 
Check t o  v e r l f y  
3.4 Thermoelectric Cooler Drive Tests 
The.purpose o f  these tests  i s  t o - v e r i f y  the correct  operation o f  
the 3 emit ter  followers which supply constarit voltage d r i ve  t o  the 
thermoelectric coolers. 
The t e s t  sequency i s  as follows: 
(a) Turn on the T.E. cooler voltage a t  the power panel and 
measure the. dc vol tage i n t o  the u n i t  on p i n  16 of  31. 
T.E. Cooler Input Voltaye = L, W vol ts. 
G-6 
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3 .  1 Theriiioelectric. Cooler I lr i-ve Tests - cotrtiriued 
(b)  Connect the DVM across the load res i s to r  connected t o  pins 1 
arid . .,f 32 t o  nionitor the dr ive  voltage. Adjust potentiometer 
R51 on I. drd #;! to  vary t l i c b  oirtpirt voltage t o  the lodd. 
Measure dnd record 1 . k  iirin 1 III~JI d i d  iiidxiniuin output capabi 1 I ty 
drid set  t l ie pot  for ~ . 5  voI 1s out. liecord resu l ts  below. 
T.E. Cooler 111 
0 Mi i i i i i r i i i i  voltage = - / a  73fv , ( <  2V) 
0 Mdxiilluiil voltdye = .:77[/ (F 5.5V) 
0 Set po in t  voltage / %sb' a (3.5v) 
( c )  Repeat step ( 0 )  f o r  T.C. Cooler #2 Jdjusting R52. 
T.E. Cooler #2 
0 Miiiiiiiuiii vol  taye = /--6+ , (2  2 ~ )  
0 MaxiiiitJi1i vol tdge = Y. 6 >'rO , (>  5.5V) 
(3 .5v)  0 Set po in t  voltaye = D * J ~ /  * <  
( d )  Repedt step (IJ) for T.L .  Cooler # 3  bdjust iny R53. 
T.E. Coolcr 113 
0 Miniiliulli voltaye = FP'' , ( 2  2V) 
0 Ilaxiiiiiiiii voltage - 5 a  7 5 ~  , ( >  5.5~) 
0 Set po in t  vol  tage = 2'4 51. -8 (3.5v) 
I .  
0RIGIIVA.E PAGE Is 
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3.5 Teiiiperature Seiisitig C i r cu i t  - --- l e s t s  
These tests check t h  operation of the s i x  teiiiperature readout 
c i r c u i t s  on Board 44 (sct r tmt ic  SK-MAPS 613-104). 
box i s  t o  be used t o  siniuldte the vdridble resistatice o f  the senstiig 
tliertiiistor. Measure and record the IjridcJc bid: 401 tage a t  the elui t t e r  
of 44 on Board #4. 
A var iable resistance 
(MeJ' vo l ts  ( requi remi l t  = 6.4V 2.02 V) 
3.5.1 Blackbody- - ff 1 Teiiiperature 5eise Circiri -.- t 
Coiinect a var iable cesistance brjx t o  p i n s  22 and 23 o f  33. 
edch of the res i s  tar t i t !  box s e t  1 i irys '~ i  ven Le 1 ow, tiredsure 'and record 
the voltage a t  the B U # l  teiliperature output (p i t i  5 o f  54). 
For 
S inilr 1 a ted 
Tc4lllier-a ture 
0°C 
5°C 
7°C 
10 'C  
15 ' C  
'I 7°C 
20°C 
22°C 
25°C 
27°C 
30°C 
32°C 
35°C 
37°C 
40°C 
45°C 
D B # l  Ttiertiiistor 
- I:t.bi5tatice (Olinisl 
7355 
5719 
5183 
4482 
3539 
3226 
2814 
2572 
2252 
2064 
l r l l 5  
1 b67 
1471 
1355 
1200 
984 
I- . 
U b i  I ieinperature 
Vol taye (Vol ts)  
-5 'J1.1 
- < A n y  
- .y,3q 
-.3. 3 ,'t 
- 
-. 
- ;. C / E  
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3.5.2 Illackh 4y 42 T W r i a t u r e 5 (  ,.be Circirfi 
Repeat the test of  pardgraph 3.5.1 for IrIachbJy 42. Conrrect the 
rtsisbnce ~MJX to pins 24 and 25 of 43. Read the output a t  pin 6 of  
J4. Record results below: 
0°C 
5°C 
7°C 
10°C 
15°C 
11°C 
20°C 
22°C 
25°C 
27°C 
30°C 
32°C 
35°C 
31°C 
40°C 
45°C 
7355 
5719 
5183 
4482 
3539 
3226 
281 4 
2572 
2252 
2064 
1815 
1667 
1471 
1355 
1 200 
984 - .  
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3.5.3 Blackbody 13 Temperature . Sense - Circu i t  --- 
Repeat the test  o f  paragrdph 3.5.1 for blackbody 13. Connect the 
vdriable resistance box t o  pins 26 dnd 27 of J3. Monitor the voltage 
a t  p i n  7 of  34. Record the voltage f o r  the f o l l w i n g  resistance values. 
S i n a l  ii ted 
Temperature 
61 "C 
63°C 
65°C 
67°C 
69°C 
71 "C 
73°C 
75°C 
77°C 
79OC 
81 "C 
83°C 
05°C 
87°C 
89°C 
9 I "C 
BBy3 Thernii s t o r  
Resistance ( O h m )  
2669 
2497 
2339 
2191 
2055 
1928 
1810 
1700 
1598 
1503 
1414 
1332 
1255 
1183 
1116 
1053 
2.5.4 Detector Temperature Seiise - ClrCui -.- t Tests 
Each o f  the 3 detector thermistor bridge c i r c u i t s  must be matched 
t o  the character ist ics o f  the detector thetwistor by the select ion o f  
a fixed resistance t o  be placed i n  para l le l  w i th  the thermistor. 
Values select.4 f o r  these tests were picked t o  match detector 
vendor thertdstor data on the 3 detectors del ivered fo r  brassboard use. 
. 
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3.5.4 Detector Temperature Sense C i r c u i t  Tests -- continued 
(a) Detector t l  Test 
I n s t a l l  a 124K il% shurit as H68 on Board #4. Connect 
the varidble resistance box t o  pitis 16 and 17 of  33. R e d  
the output on p i n  8 o f  34. 
S imu 1 d ted Thermistor 
Tenq)er:r t= Resistance Voltage 
-65°C 145K ,y / 9htI 
+A#Jf~  -67°C 175K 
- 70°C 230K +e* 75 7u 
-73°C 310K 94 t59.r. 
-,233u 
-80°C 710K - , c/3$v 
- - .  
I 390K -75°C 
(b) Detector 812 Test 
I n s t a l l  a 210K shunt a5 R63 on board 84. Connect the 
war ia l le resistance bow to pins 18 and 19 o f  33. Read the 
output on p i n  9 of J4. 
Simulated 
Temperature 
-60°C.' 
-65°C 
- 7 O O C  
-75°C 
-80°C . . 
-85°C 
-90°C 
T'ienni s t o r  
Rrsis tarice . Voltage 
75K ., 3. a?/&* 
.92K 4 2. Pi ;  3)r 
128K -f B ~ . ' W  
174K - .&?& 
250K -/. 36s ' 
380 K - 2 . 3 v 9  
600K -3. / @ 9  
Revision A 
Auyust I 1 a 1975 
3.5.4 Detector Temperature Sense Circui t  Tests - continued -. .- 
(c) Detector 113 Test 
Ins ta l l  a 261K 21% shunt as R70 on Board 04. Connect 
the variable resistance box to  pins 20 and 21 of 53. Read 
the voltage a t  p in  10 o i  54. 
Siiiur 1 d ted Thermistor 
-. TeiHyera ture Resistance Vol tage 
-60°C 62K . +Ab55 
-65°C 84U GWe9 
-70°C 112u 4955 
-75°C '1 SOU -@. J?/ 
-80°C 208K - I d 4 7  
-85°C 300u -J5/  7 
-90°C 420K - 3. a ii 
kev i s i w  A 
August 11,  1975 
3.6 Blackbody 3 eratore - -- Control C i r c u i t  rests 
The purpbse of  t h e  tests i s  t o  check the ..peration o f  the on- 
o f f  teiqerature contrwl c i rcu i t I . y  o f  k r d  # I .  
(a) Adjust R39 on Bmrd #1 so that the center am voltage 
( junct ion o f  the pot arid R37) i s  zero %IO m i l l i v o l t s .  
(b) Coirnect a dL!cdJe resistdirce IHJX Ld simulate BB 63 t hemis ta r  
(pin> '6 dnd 27 O f  J3). 
(c) Set dead r o w  potentiometer R6C Ir, the center of i t s  
adjustment range. 
(d) Connect a DVH across tpe Heater load a t  pin 7 and 8 o f  32. 
(e) Set the decade resistairce box to 2055~.  turn on the Heater 
vol taye supply arid weasure the v e l  tage across the heater 
lmd. 
Load vol tdge .? 7- 7 (28V) 
(f) Set the decade resistaiwe !BOX t o  1503 ohms and wasure the 
1 oad vo 1 tage . 
Load wol ta9e 0 s (0 v) 
(9) Slowly incredse valut: o f  resistarrce u n t i l  load voltage 
gee.; on. Note.resisldnce. Slwly decrease the resistance 
u n t i  1 the load vol lage goes - .  off .  Repeat the ahove procedure 
severdl t i l e s  t o  detentiine the equivalent on-off swl tching 
pol n ts  and liys teres i s . 
Switen on Reslstmce = /t?q Ohn6 (=74'@) 
Switch o f f  Rasistrrice ohms. 
(h) Turn t h e  tcrnperatute set po int  potentiometer R39 f u l l y  
clockwise and repeat step (9) .  
S w i  on Resistdnce = ohms 
o him. Switch o f f  Resistance a 1.365 - 
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(j) Adjust dead toiic. ctmti.ol Hr.6 f u l l y  clockwise dird repeat 
the te.t o f  step (9). 
positioii per step (J ) .  
tlote R39 stmultl be i n  (he mid-renye 
S w i  Lch on k s  i s  tarice = / I  5 )  otmis 
I Switch o f f  Hesistmce = / 6 $ $  Olruls. 
(k) Adjust d u d  zone c01111ul R66 f u l l y  wustwclockwise and 
repeat the test  o f  stcp (9) .  
switci i  OH Kcsistrlnce = / f  51 OtlIllS 
Switch o f f  Resistance = /$7d OtIlIlS . 
(1) R C I W I I  R66 to its itiId-rmgc posi I ion atid 1:39 to the center 
sei point posit ion. 
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The sequence o f  sigi ial  proct..;ing tests d1.e t o  be performed a t  both the 
low and the h i y h  chopping frequencies. The p ick o f f  plidse adjustments f o r  the 
S and R demdulators iiiust be adjusted Separately for  each operating trequency. 
I n  additidii, the AV arid A V '  dif ference airrpl i t ier trim resis tors  (R29, R33, 
H37, and R38) inust be separately selected f o r  niiniiiium V signal feedthrough Jt 
each choppi ng frequency . 
3.7.1 Low Chopping Frequency Tests (NIlj Mode) --- 
For the tests which follow, the t i c d  siiiruldtor i s  set  i n  the low Frequency 
niode (25 Hz scene, 50 Hz balance) i~ 4 the bandwidth l i n i i t  switch i s  t o  be placed 
i n  the low posit ion. 
amp1 i f  i e r  tr iwi ng should be ntade before proceedi tiy . 
values below. 
The deniodulator phasing shuuld be ddjusted'and the A V  and A V '  difference 
Record the triiii res is to r  
For A V ,  H29 = f ,  ,-) , H33 
For A V ' ,  R37 = y 3 fi R38 = I, s 
3.7.1.1 V Siqnal Gdin and 1 -- i i iedr i ty 
The purpose o f  t h i s  tes t  i s  to  check the gain and l i n e a r i t y  o f  the V output 
as the cotinnon sccne input i s  varied. 
a DVM a t  p i n  2 o f  54. 
For t h i s  t e s t  the oulput i s  measured w i th  
A composite (S t R )  t e s t  s i y i d l  froiii the l i e d  siniulator sha l l  be fed i n t o  
the S p  + R2 input (33 ,  pirr 3 ) .  
peak t o  peak S value s h d l l  be accurately s e t  t o  the values l i s t e d  below through 
the use o f  ari uscil loscope w i th  a W type plug-in. 
The R coiiipoiient sha l l  be set  t o  zero atid the 
Also measure and record the nih Bc i i iput  w i th  a DVM. (DANA 4530 or 
equivalent). 
S Input S Inlw t V Signal 
ou tyu t -AC RMS -- PI' -- 
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3.7.1.2 R S i w a l  Gain and L inear i ty  
The purpose o f  t h i s  t e s t  i s  t o  check the gain and l i n e a r i t y  of 
the R output as the balance signal leve l  i s  varied. The input  
connections are the same as paragraph' 3.7.1.2. The scene component 
shal l  be set  t o  zero and the R component shal l  be varied using a '  
W type plug-in t o  set  the pp level .  The R output sha l l  be measured 
a t  p i n  1 o f  54. 
\ R Input R Input R Signdl 
PP AC RMS output 
The expected gain i s  2.5 Vdc per v o l t  pp ac with a perfect square wave trrput. , 
3.7.1.3 AV, AV' Signal Gain and L inear i ty  
o f  the AV and A V '  output QS the Si and S3 signals are varied r e l a t i v e  
t o  the S2 signal revel. 
to1 lows : 
The purgose o f  these tests I s  t o  check the gain and l i n e a r i t y  
L .  
For t h i s  test, a l l  3 simulated radiance inputs are required as 
0 (S1 + R1) t o  53, p i n  1 
0 (S2 + R2) t o  33, p i n  3 
0 (S3 + R3) t o  53, p i n  5 
Set the comjn scene, leve l  and the AV l eve l  pots on the simulator 
t o  zero. Adjust the balance level  pot  u n t i l  the R output 1s 2.50 
W .  
volts t.01 vol ts.  *. 
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The S component o f  the S1 + R, and S3 + R j  inputs i s  then varied 
w i th  the AV leve l  control.  The AV component o f  the inputs should be 
very accurately set  up using a Tektronix oscil loscope with a Id type 
plug-in. Record the data as l i s t e d  below: 
(a) AV Test 
S Component AC RMS 
o f  S1 + R AV 
,Output 
4. R1 Vo 1 tage - 
0 VPP L3lWcJ 7Ad 
0.05 Vpp iJ3Vfi A 47/ 
0.1 vpp 4 3 4 c  e?.29+ - 
I .  s: j :; j b  . _ -  i; , I t  v;l l !  
0.40 Vyp ,i 3 6 W  y,dL b 
The expected gain i s  22.5 vo l t s  dc/vo l t  PP aC wi th  a square wave input. 
(b) A V '  Test f $ p 5  
S Component AC RMS 
s3 + R3 A v  * of 
Voltage Output s3 + R3 
0 VPP 
0.05 Vpp 
0.1 vpp 
0.15 Vpp 
0.20 vpp 
0.25 Vpp 
0.30 vpp 
0.40 Vpp 
The expected gain i s  22.5 vo l ts  dc/vo l t  pp ac with a square wave input. 
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3.7.1.4 AGC Balaoce Loop Tiiire Constant Check 
The purpose o f  these tests i s  t o  check the AV and AV' automatic 
gain balance loop time constants. 
For these tests a l l  3 simulated radiance inputs are needed as per 
parayraph 3.1.1.3. 
3.7.1.4.1 aV Channel Balance Time Constant Check 
Adjust the scene and balance level  controls f o r  an R output o f  
2.5 vo l ts  and a V output o f  5.0 vol ts.  The A V  control  should 
be a t  zero. 
Adjust the sinrulator gain d i a l s  to  iililke the R component o f  the (S1 + R1) 
signal equal to  1 V  pp and the R component o f  the (S3 + R3) signal equal 
t o  1.5 vol ts pp. 
- -  
Feedthe (S1 + R 1 )  aiid (S3 + R3) simulated radiance signals t o  
a selector switch andfeed the switch output t o  the (S1 + H1) 
input o f  the u n i t  (p in  1 of 53). 
Set up the Sanborn s t r i p  chart recorder t o  monitor the 
A V  AGC integrator voltage. (Pin 6 o f  AR13 on Board 12) 
By switching the (S1 + R1) input selector swltch back and 
f w t h  between the (S1 + R1) and (S3 + R3) signal, an expotentia 
change i n  the integrator output voltage w i l l  be observed. 
Use the Sanborn Recorder t o  record the voltage and measure 
the t i m e  for  the voltage t o  change 63% of the t o t a l  
change value when the selector switch i s  changed from the 
S3 + R3 t o  the S1 + R1 posit ion. Repeat going from S1 + 
t o  S3 t R3 switch poslt ion. . .. 
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3.7.1.4.1 AV Channel balance T h e  Constant Check - continued 
(9) Record the iiieasured tiiiie constant and other latd as outl ined 
below: 
0 R output = 2,5m Volts 
0 v output = /c* .a /c '  Volts 
0 (S, t kl) Signal- Totd l  pp value -- 
- S component = + ; 3 P  VIJP 
0 (S3 + R 3 )  Siynal- Totd l  pp value - f '  vpp 
- R coiiiponent = /.< vpp 
- S coinponent - ( ' 3  vpp 
- 5,J.r. vpp 
- R coinponent = / 'O vpc, 
.-P - 7  
Time Constant going from /%J. 
0 Time Constant going from //o 5 
= Seconds 6 3  + R3) to  (SI + R1) ~ -- 
t R ) t o  (S3 + R3) 
(sl 1 
= a Seconds 
3.7.1.4.2 $!_t Channel balance Time Constdr!t Check 
Repeat paragraph 3.7.1.4.1 f o r  the A V '  Chdnnel. Feed the switch 
selected signal i n t o  the S3 + R g  input (pin 5 o f  3 3 ) .  Connect the 
Sanborn recorder t o  p i n  6 o f  AR15 on Board #2. 
Record the fol lowing data: 
0 R output = 2,s Volts 
0 v output = c e r r  Volts 
0 S1 + R1 Signal = 5 , J  s vpp 
S coniponent = 1/,3 vpp 
R component = 1' L' VPP 
0 S3 + R, Signal 
Total = 2 7 vpp 
S coniponen t = ( 0  3 vyp 
- /' 5 vpp R coniponent - 
0 Time Constant going froni I f .  2 
0 Time Constarit going frniii , Z +  
(S3 + R3) t o  (SI f 1 1 , )  = & Seconds 
+ R,) to  (S3 f R 3 )  = Seconds 
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3.7.1.5 - Effect5 of  Corin~ion V - -- Sigrldl ofi the J V ~ - A V '  and R Outputs. 
The purpose of these tebts i s  t o  deteririiiie the e f t e c t s  o f  the 
large coiiurioti ;Lene sicJnd1 upoti the AV and A V '  outputs and upon the 
R output. 
Set up the input siniulator to  supply a l l  3 inputs. Set the 
( S ,  + R 1 )  and (S3 4 R j )  gain coi i t ro ls t o  the 500 d i a l  set t ing.  
Set the AV leve l  t o  zero arid the b d l a t u  level  for a 2.5V R s igno:.  
For various AV output levels, Vi1l.y the scene level  t o  obtain the 
V signals shown below dtid record the vdlues o f  AV and AV.' putput. 
When iiteasuring the A V  dnd A V '  outputs, use the HP9100A cdlcu lator  t o  
obtain 10u smple m e m  and stdndard deviat ion values. Wait 5 minutes 
af ter  each V signal level  Chdqe t o  dl low the AGC loops t o  s tab i l i ze .  
(a )  Run #1 
' v out u t  tcn*- r 8V 
(b) Run #2 - A V  - Set - t o  t2V ---. when - V p O  
ov 
2v 
4v 
6 V  
8 V  
O R I G I N S  PAGE Is 
OF POOR QU- 
- 
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3.7.1.5 Effects o f  Coliunon - V Signal on the A V ~  AVO and R Outputs - continued 
3.7.1.6 Jf fects o f  Clianncl G d n  Variat ion!mn the A V  and A V ’  Outputs 
The purpose o f  this tes t  i s  t o  nteasuru the e f f e c t  o f  changes I n  the 
opt ica l  path, detectors and preanipl i f i e r s ,  which cause a conunon reduction 
i n  both the S and R coiiiponent o f  the Input  t o  the signal processing 
c i rcu i ts .  
This e f fec t  i s  siitiulated by the (S1 + R , )  and (S3 + R3)’gain controls 
on the head simulator. With the gdin pots s e t  to  the niid-range pos i t ion 
(d ia l  reading of 5001, adjust the scene level  f o r  a 4 vo1Z V 0 U t ; J U t .  
Adjust the balance l e v e l  f o r  a 2.5 v o l t  R output. Adjust the AV control  
for a 2 Vol t  A V  Oulput. 
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With an ac reading DVM, measure and record the (S1 t I t , ) ,  (S2 t R2), 
and (S3 + R3) input voltages. Record i n  the table below. Then adjust the 
gain pot st.ttings t o  obtain + I O  percent and 225% changes i n  the (S1 t R1) 
and (S3 t R3)  ac voltage readings. 
allow a t  least 15 minutes f o r  the AGC loop t o  react and reach i t s  f i n a l  
value before recording data. 
The A V  and A V '  readings should be i n  the mean o f  103 samples using 
After making each gain setting, 
c- 
Gain 
Balance 
the HP9100 calculator. 
~ ~~~ 
E q w  1 
+lox 
+25% 
-10% 
-25% 
Equal 
- 
$1 R1 
RMS 
s2 4- R2 
RMS 
- 
ai? 
Volts, dc 
d /I3175 
3.7.2 High Chopping Frequency Tests (CO node) 
These tests are very nearly a repeat o f  the tests o f  paragraph 3.7.1 
a t  the 172/34r 'Yrtz chopping rate. 
Put the head simulator i n  the high frequency mode and put the 
bandwidth l i m i t  switch i n  the high position. 
Demodulator phasing adjustinents and the A V  and A V '  difference 
amplifier t r i m i n g  should be made bcfwe proceeding. 
res i s to r  va 1 ues be: ow: 
Record the t r i m  
For A V ,  R29 = 3 , R33 = 2 0 -  
For A V ' ,  R37 = 51 A- , R38 = 0 
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3.7.2.1 LS igna l  Gain d l ~ d  Ltlteerity 
Repeat yardgraph 3.7.1.1 a t  the high chopping frequency. Record 
the data below: 
s Illput 
PP 
0 VPP 
+2 VPP 
+4 VPP 
+6 VPP 
+8 VPP 
+lo vpp 
S Snput 
AC RMS 
The expected gain i s  1 .O WG! ts dc per vo l t  yp ac for  a square wave input. 
3.7.2.2 R Signal Gain and Lineari tx  
a 
Repeat paragraph 3.7.1-2 a t  trie high chopping frequency. Record 
the data below: 
R Input rk Input R 5iqnd1 
- .  PP A !  HMS l h r  t i IU t 
The ex;;ected gain i s  2.5V dc per volt pp ac with a square wave input. . 
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3.7.2.3 AV and AV’  Siqnal Gain and Linearity 
Repeat paragraph 3.7.1.3 a t  the high chopp.ng frequency. Recon, 
i a )  AY Test 
the data as l is ted below: 
S Cmponent 
o f  
s1 R! 
0 vtm 
0.05 Vyp 
0.1 wpp 
0.15 vpy 
( b )  LV’ l u s t  
S Component 
o f  
s3 + R2 
0 VPP 
0.05 Wpp 
0.1 vpp 
0.15 Vpp 
0.20 vpp 
0.25 Vpp 
0.30 Vpp 
0.40 Vpp 
4c Rcds 
$ 1  + R1 
Uol tage 
hw 
output 
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3.7.2.4 AGC Balance Loop Time Constant Check 
Repeat the f i r s t  3 runs of paragraph 3.7.1.4 a t  the high chopping 
frequency. 
(a) (a)  &V Channel-Test per paragraph 3.7.1.4.1 and record data below: 
0 R output = 2.533 Volts 
0 v output = Got3 Volts 
0 (S1 + R1) Sit~rk11- Tutdl PP value 4 %? 5 VIJp 
- R colaponelit = /#6 vpp 
- s collrponent = 425 vpp 
- It coinpoileiit = ,&At VPP 
- S component = - 4 . 3  vpp 
0 (S3 t R3) Siijridl- T o t a l  pp vdue = 7.7 VYV 
0 Tiriie Constant guiirg frail 20.5 
0 Time Constilrtt guiiig from 14 
+ R3) tc, (SI + Rl) = Seconds 
(3 + R $  t o  ( L 3 +  R3) = Secsnds 
(b) AV' Channel - Test per paragraph 3.7.1.4.2 and record data below: 
0 R output c 2,533 Vol ts  
0 v output 5.03 Volts 
0 SI t R1 Signal = sa25 vpp 
S component = do VPP 
I{ coiuporient = - /.@ upp 
0 S j  + Rg Signdl 
l o td l  = 7 7  vpp 
S coiiiponen t = Ca3 vpp 
I( coirtpoiient = 1.5 vpp 
0 Time Constant going froai r 8 . S  
($3 + R 3 )  t o  6 1  + H I )  . .  = H Seconds 
6 1  + R,) to 6 3  + R31 = f2d- Seconds 
0 T i m  Constant going froiri I t ,  t 
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3.9.2.5 f f fects o f  Colnon V ,yna? on the 3, AV' ,  and R Output% 
Repeat the tests of paragraph 3.7.1.3 a t  the high chopping 
f rqueucy . Record the trs t resul t s  be I ow: ., 
(a )  Run #1 AV Set t o  Zero 
- i 8V 
I 1 
( t i )  Ruri #2 A V  Set  to t2V Et,en V = 0 
I 
. *  
. .  
. .  
. .  
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3.7.2.5 Effects O f  CosaOn V Signal on the AV. AV'. and R Outputs - continued 
3.7.2.6 Effects o f  Channel Gain Variation Upon the AV and AV' Outputs 
Repeat the tests o f  paragraph 3.7.1.6 a t  the high chopping 
6ain 
Balance 
frequency. Record the test  results below: 
Equal 
+IO% 
+25% 
-10% 
-252 
€qua 1 
+ R1 
RMS 
s2 + R2 
RMS 
Y 
Volts, dc 
A v  
Volts, dc 
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3.8 Puwr Consumption Test 
The purpose of this test i s  to  determine the overall power 
coirsumed by the electronics under various operating conditions. 
Using a VOH, weasure and record the +15, -15, and +5 volt 
l i n e  current into the breadhodrd under the following test  conditons. 
(a) Electronics on Only, R 2.5V, V - 4v. A V  - 4v 
-15V l i i r ,  = 17 ma s 
(b) Same as step (a) with the T.E. Cooler power, 
Motor drive power, and the BB heater power on. 
6, d & w h A  
f h 9  rr/ +5v l i n e  = W85 ma- 
+1SV l i n e  GO IM 
-15W l i n e  = 3 7  m 
', &,Ad. 
. .  
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3.9 Phase Sens i t i v i t y  Test 
The purpose o f  t h i s  t e s t  i s  t o  evcrluate the un i t s  performance wi th 
misaligned t imii ig signals t o  the S and R SyiiLiironous deniodulators. 
The t iming signals are developed by the chopper wheel p icko f f  c i r c u i t s  
o f  signal processing Board 6. 
al low adjustment o f  the S and R demodulator d r ive  signals. 
Potentionieters R 5 8  and R63 on t h i s  board 
A t  each o f  the two chopping frequencies these pots are normally 
adjusted for  mdximuin R arid V outputs. For these i cs t s  they w i l l  be 
purposely misaligned t o  cause a +3% phase error.  
3.9.1 Low Frequency Phdse Sei15 I 1 i v i  t y  rest 
(a) S e t  up the tes t  s i tua t ion  o f  pilrayraph 3.7.1.3. Adjust the 
balance input f o r  a 2 .5  v o l t  R signal, the Scene level  f o r  a 
4.0V V signdl and the A V  l eve l  f o r  a AV signal o f  2.0 vol ts.  
(b) Check the tiiriing o f  V signal and R signals r e l a t i v e  t o  the demodulator 
swi t l i l ing signals and adjust  R63 and R58 i f  necessary. 
(c)  Readjust the inputs for the Lorrect  output leve ls  i f  necessary. 
Record the readII,rJs i n  the table below as the baseline data: 
(d) Sync an oscilloscope on the R p icko f f  signal (p in  34 o f  53) and 
imnitnr  the R demodulator d r ive  siqnal ( p i n  9 o f  22 on Board 12). 
Note the phase re la t ionship o f  the R denroduI.tLor w i v e  s iy i ia l  
t o  the R p icko f f  :#tIjnal and adjust  R 5 8  t o  delay the demodulator 
dr ive by 0.2 m i  1 1 i seconds (1 %) .
recording the data  below. 
(e) Repeat step (d),only t h i s  titile advance the demodulator d r ive  
by -0.2 m i  1 1 i seconds. 
( f)  Return the R demodulator tiinlng t o  the o r ig ina l  R58 sett ing.  
Repeat the baseline data readings and record below. 
(9)  Sync an oscilloscope on the S p icko f f  signal (p in  28 o f  33) 
and monitor the V driiiodulator dr ive signi l l  (p in  13 o f  21 o f  
Board # 3 ) .  
sigrial t o  the sync signal and adjust  R63 t o  delay the demodulator 
dr ive signal by 0.4 mil l iseconds. Repeat the baseline data 
readings and record i n  the tal)Itt below. 
Repeat t h e  base1 ina  readi nys , 
hote the phase re la t ionship o f  the V demodulator dr ive 
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3.9.1 Low Frequency Phase Sens i t i v i t y  Test - continued 
(11) Repeat step (9) advancing the daiiodulator d r ive  by 0.4 m 1 1 i seconc 
( i )  Return tlte V demodulator t i i i i ing t o  the or ig ina l  R63 se t t ing  dnd 
repeat the bdseline data readings. Record resul ts  i n  the tab le 
below. 
Low Frequency Phase Sens i t i v i t y  Resul t s  
Test 
Case 
I n i t i a l  
Basel i ne 
R, 1% delay 
R, 1% advance 
Basel ine 
Repeat 
V, 1% delay 
V, 1% advance 
Final 
Basel ine 
R Signal V Signal 
44 b o d  
3, y P r J  
3. s'Tilr/ 
s. 
3.9.2 Hlqh Frequency Phase Sens i t i v i t y  Tests 
Repeat the tests o f  paragraph 3.9.1 using ".he high chopping frequency 
inputs. Peak the R and V readings p r i o r  t o  recording the baseline data 
o f  step (c). 
For steps (d) and (e) adjust R58 for a t iming change o f  0.03 milliseconds. 
For steps (9) m d  ( 1 1 )  adjust  the R63 f o r  a ti i t l ing change o f  0.16 milliseconds. 
Rtcord a l l  the data i n  the table below: 
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3.9.2 Hish Frequency Phase Sensit ivity Tests - continued 
High Frequency Phase Sensit iv i ty  Results 
Test 
Case 
I n i  ti t a l  
Base 1 5 ne 
R, 1% delay 
R, 1% advance 
Base1 i ne 
Repeat 
V, 1% delay 
V,  1% advance 
Filial 
Bas1 i ne 
- 
R Signal V Signal AV Signal 
2. @O 3J 
AV’  Signal 
a. B/ 9 d  
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3.10 Temperature Tests 
The purpost. o f  these tests is to  evaluate the performance of the 
signal processing circuitry over a temperature environment. 
The breadboard electronics shall be installed i n  a temperature 
chaiirber and interconnected w i t h  the sensing head simulator, the load 
simulator, and the necessary output  cab1 ing. 
3.10.1 Ambient Temperdture Bdseline Data - Low Frequency Mode 
(a) Set up the test simulator i n  the low frequency mode. 
the ditference amplifier trim resistors called out in 
parayraph 3.7.1. 
(b) Adjust the input signal levels for a 2.5 volt R signal and a 
2.1) v o l t  AV signal w i t h  zero scene level. Then vary the scene 
level to give V signals o f  2 and 4 volts. The (S,+R,) and 
+R3)  gain pots should be i n  the 500 setting. Record al l  
test data  below allowing adequate time for readings t o  stabilize. 
Install 
(%, % 
BASELINE DATA - Room Teiiiperature 
. , : ' ?  
I . "  - .'> 
v o u t p u t  pI R O u t p u t  
I 
2 - 5  r,; O I  
I Std Dev. 
J 
S t d  Drv. 1 Mean 
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+2!i% 
Equal 
3.10 Temperature Tests - continued 
- I > !_. 
& l z 8  
(c) W i  .h the same conditions as step (b) and with the scene level  
seL f o r  a V signal o f  4 vol ts,  vary the (S,+Rl) said ($&\ 
gain pots as shown i n  the tab le below and record the tes t  data. 
- 
1 
V Output R Output 
0 23 YV 
2 2.500 
4 ? 5 o t  
BASEL I NE DATA - I  Room Temperature 
I 
nns I v Output 
-- 
R Output 
L Sc56 
2." 06 
aV' output 
3.10.2 High Tempcrature Data - Low Frequency Mode 
(a) Raise the temperature chamber t o  a temperature o f  +lOO°F, al low 
t o  s tab i l i ze  and repeat the tests o f  paragraph 3.10.1 recording 
the data below: 
(b) High Temperature Test D a t a  
Mean Std. Dev. 
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! 
Gain 
Sett ing 
I 
Eqw 1 
+25% 
- 25% 
€?*:a1 
3.10.2 High Tarrperature bata - Low Frequency Mode - cont iwed 
(c)  High Temperature Test Data 
-- 
(S3+R31 I 
3.10.3 Teiiiperature Data - Low Frequency llode 
(a) Lo .w  the temperature chamber teniperature t o  50"F, al low t o  
s tab i l i ze  and repeat the tests o f  paragraph 3.10.1* recording 
the data bel ow: 
(b) Low Temperature Tes t  Data 
v output 
0 
2 
4 
Mean I Std.'Dev:] 
+ - 1.0 
s.0 
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I_- 
Gain. 
Set t i  ng 
Equal 
+25k 
-25% 
Equal 
3.10.3 Low Temperature D a h  - Low Frequency Mode - 
(c) Low Temperature Test Data 
con t i nued 
R Output 
3.10.4 Amblent Temperature Baseline Data - High Frequency Mode 
(a) Set up the test  simulator i n  the high frequency mode. 
the d:fference ampli f ier t r i m  resistors cal led out i n  paragraph 
3.7.2. 
temperature. Record the data below. 
I n s t a l l  
Repeat the tests of paragraph 3.10.1 a t  room ambient 
(b) Room Temperature Test Data 
.. 
. -  
I .  
v output R Output 
2 .sot 
2LLL.L 
2.5  L‘ 
nV’ Output 
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3.10.4 Anibient Temperature Baseline L High Frequetlcy Mode - continued 
(c  ) Ro~i i i  Teriiperd ture Test Ua ta  
v Output - A v '  Output 
I 
I ,qual 
i . 25% 
2,999 
Equa 1 L"' 2.1 5 7  L( " 2 0  
3.10.5 rligh Teiiiperatdre Data - High Frequetg llode 
(a) Raise the chamber t o  + l O O " F ,  a l l o w  t o  stabi l ize, and repeat the 
tests o f  paragraph 3.10.1 Record the test  data below. 
I : I  
Plea 11 
3 A- 
& 
(c) High Temperature Test Ua ta  -
1-1 
Gain, 
Setting F +?5 Enua % 1 
-255 
b!Ud 1 
I- -_I./ 
Revision A 
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a/r G / S  
. .  
- .  
3.10.6 low Temperature Data - Hiqh Frequency Mode 
(a) Lower the chamber temperature to *SO"F, allow t o  stabilize. 
and repeat the tests of paragraph 3.10.1. Record the t e s t  
data below: 
(c) Law Temperature Test Data 
(d) Return the test ch.&er to  room ambient temperature and remve 
the unit. 
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1.0 INTRODUCTION 
This report describes work done by Barringer Research L imi t ed  (BRL) towards the 
development of the  measurement of air pol lu t ion  from space experiments (MAPS), 
i n i t i a l l y  intended to be flown on t h e  Nimbus G space satellite. 
This is the f i n a l  report on work done under Subcontract A39260 RABS to TRW 
Systems, and under NASA Prime Contract NAS-1-1369s. 
h December of 1934 w i t h  a Phase I conceptual design which ended i n  March, 1975 
with the BRL conceptual design report TR75-250. 
The BRL programme began 
?he conceptual design a r r ived  a t  a basel ine design approach and the main f indings and 
basel ine w i l l  be b r i e f l y  described. 
Phase I1 of the  BRL effort  w a s  d i rec ted  towards the detailed engineering design, 
fabr icat ion,  assembly and t e s t i n g  of a brassboard vers:.on of the  opto-mechanical 
1.ead of the MAPS sensor. 
Fhase I11 of the BRL effort  w a s  directed towards the design, fabr ica t ion  and 
acceptance t e s t ing  of a Ground Support Unit (GSU) intended t o  provide the radia- 
I ttric stimulus and ca l ib ra t ion  optical s igna ls  for ca l ib ra t ing  the brassboard 
i .id a l l  MAPS sensor hardware. 
Phase IV of the  BRL programme is t o  provide "follow-on" support a c t i v i t y  t o  aid 
TRW i n  data evaluation and brassboard and GSU hardware help. 
This report w i l l  include the test r e s u l t s  obtained i n  assessing the performance 
cha rac t e r i s t i c  of the braasboard. 
D u r j r \ q  the  course of the  programme some changes were made t o  the  o r ig ina l  work state- 
aen t  which resu l ted  i n  less brassDoard t e s t i n g  a t  BRL t h e n  i n i t i a l l y  planned. 
addition, there were a number of changes i n  hardware design, i.e., chopper d i s c  changes, 
Bn extra mounting plate f o r  operating the GSU-brassboard independent of the  GSU gas 
cell, etc. 
In 
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2.0 BRASSBOARD DESIGN AND FABRICATION 
2.1 Introduction 
The MAPS brassboard o p t i c a l  design layout is shown i n  Figure 1. 
enters  the  sensor v ia  objec t ive  l ens  L1, 
by the desired sensor f i e l d  of view (4 - 5  degrees in this case) , Radiance f rom a 
d i s t a n t  source is imaged i n  t h e  objective foca l  plane where a f i e l d  s t o p  comon 
to a l l  detectors  is located. 
tc the f i e l d  stop. 
Source radiance 
The size of t he  objec t ive  is determined 
A 45 degree r e f l e c t i v e  chopper is located adjacent  
A re lay  lens L2 images tke object ive lens  a t  t h e  aperture stop. L2 also images 
the sensor f i e l d  s top  through the in te r fe rence  f i l t e r  IF and the  gas cel ls  onto the 
f i e l d  lenses  L4, LS and L6 v i a  t h e  beamspli t ters  BS1 and BS2. The f i e l d  lenses  
hacje the  aperture s top  and t h e  object ive onto the detectors thus avoiding imaging 
any scene "hot spots" onto the  de tec tors .  A second r e l ay  lens L3 images v i a  
bean recombiner BR1, t he  reference s t o p  onto t h e  f i e l d  lenses, coincident with 
I , .  . I  I , ' . , . , -  I .  i . 1  : > t  -.: . 
Heference radiat ion or ig ina t ing  a t  the  hot  and cold blackbody pair set is chopped 
a t  a frequency f by the  same chopper d i s c  which modulates the  scene a t  frequency f 
The r e f l ec t ive  chopper disc accomplishes t h i s  by means of a double annular set of  
chopping apertures.  
S *  R 
2.2 Special  Design Features 
2.2.1 Balanced Chopper 
The chopper d i s c  a t  chopping frequency f a l t e r n a t e l y  introduces r ad ia t ion  to  the S 
detec tors  from the scene and t h e  r e f l e c t i v e  blackbody. Tk.c r e f l e c t i v e  blackbody 
radiance was chosen so as  to  minimize the  d i f fe rence  i n  radiance from the  two 
rad ia t ion  sources. When the  scene radiance and t h e  r e f l e c t i v e  blackbody radiance 
are equal the chopper i s  "balanced" and the  e l ec t ron ic  s igna l  amplitude i s  zero. 
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FIGURE 
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(Nevertheless the signal is still developed due to the correlation of incoming target 
gas with the internal target gas cell). 
2.2.2 Reference Blackbodies 
The reference blackbodies generate at frequency f , an optical signal which is used 
in an electronic feedback loop to gain control pairs of electro-optical arms 
(detector pairs 1 and 2 and detector pairs 3 and 21. 
computed to be adequate when the hot blackbody was at 7OoC and the cold at 2OoC. 
r 
The optical signal was 
2.2.3 Common Field Stop 
The use of'a common scene field stop for all three detector arms ensures that each 
and every detector simultaneously receives energy from a hot or cold spot passing 
through the sensor field of view. 
2.2.4 Beamsplitters and Beam Recombiners 
The conceptual design study on beamsplitters and beam recombiners indicated that the 
spectral and spatial uniformity of the beam recombiner was not critical. 
if the beam recombiner was polarizing it was found that the geometric1 arrangement 
of the two beamsplitters would cause the sensor to be polarization sensitive. 
the beam recombiner was required to be non-polarizing. 
However 
Thus 
* 
The beamsplitters were analysed and it was shown that the spatial and spectral 
uniformity quality of these were critical. 
noise due to incident radiation of changing polarization, 
anaLysed : 
In addition so as to avoid spurious 
two possible solutions were 
0 (a) two uncoated ZnSe beamsplitters at opposing 30 angles. 
(b) two Ge beamsplitters AR coated on one side and operating one at 
20° with the second at 25O in the opposite direction. 
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2.2.5 Chopper Disc 
The chopper disc was chosen to be an aluminum substrate with an overcoat of gold for 
high reflectivity. 
2.2.6 Blackbody Design 
Although in the sensor design, spatial uniformity of the source is not critical, the 
blackbody design attempts to achieve a uniformly high emissivity cavity whose 
tenperature is precisely known. 
Thc shape of the cavity is adjusted to achieve a high effective emissivity. 
&,pes which have been used are spherical, conical, cylindrical, grooves, overlapping 
cones, and honeycombed walled arrays. 
precision radiometry measurements, heavy reliancc. is placed upon computed emissivity 
values. 
developed. 
those used in computations. 
lids even for nonisothermal cases. 
to diameter ratio, being > 2, the importance of the cavity lid, and the relative 
insensitivity to the lid emissivity and to the cavity wall emissivity, and the 
tolerance of the effective emissivity to thermal gradients from the cavity base to the 
lid entrance. 
assures minimum thermal gradients. . 
Common 
Because of the difficulty in making high 
Computer calculation techniques to predict cavity emissivities have been 
Unfortunately, most real blackbodies do not have simple shapes such as 
Computations have been extended to blackbodies with 
Work shows the importance of the cavity length 
Good thermal contact of the housing lid to the base and heater source 
To achieve a uniform temperature cavity surface, a high thermal conductivity wall 
mterial is used. 
but the difficulty in machining plus the more troublesome special preparation 
requirement of the surface prior to painting suggests aluminum as being the most 
suitable inaterial. 
Copper has a thermal conductivity about twice tha t  of aluminum, 
The savity is insulated for operation so as to minimize convective or conductive heat 
loss which would cause thermal gradients. Measurement of the cavity temperature 
H-8 
must be done with good q u a l i t y  p r e c i s i o n  the rmis to r s  embedded i n  the c a v i t y  walls. 
Good thermal contac t  between t h e  the rmis to r s  and the c a v i t y  :.s achieved by 
means of conductive greases  o f  l o w  vapour pressure.  
The h e a t  source or s ink  used f o r  thermal c o n t r o l  of the c a v i t y  should make good 
thermal con tac t  over a l a r g e  su r face  area o f  t h e  cavi ty .  A l o w  vapour p re s su re  
thermally conductive grease  coupling between the c a v i t y  and the c a v i t y  h e a t  source  
is used. 
The thermal t i m e  cons tan t  of the c a v i t y  i s  determined by the c a v i t y  mass and 
s p e c i f i c  hea t ,  and by t he  rate of hea t  input .  
a high s p e c i f i c  hea t  material such as copper o r  aluminum of minimum mass should result  
i n  t i m e  cons tan ts  of  t h e  o rde r  o f  a few minutes. 
Propor t iona l  temperature c o n t r o l  plus 
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TABLE 1 
BRASSBOAW LENS PARAMETERS 
CENTRE 
THICKNESS 
(mm) + 0.1 
mRL. 
- 
i Ge &1 Object ive I 1 
I 
I 
RAD1 I A. R. 
CURV . 
(IN.) 
+ 0.1% 
OF COATING 
1 
1 
! 
I 
i 
2 r e l a y  (a )  p. f e n s  pair lb  
\ ( ~ 3  same) 
I mul t i l aye r ,  9; 
i 
I Ge 
I Ge 
i 
DIAMETER 
1 mm. 
(m) +,
50 
-~ 
35 
35 
28 
23 
i 
. 1 ~ ,  1.625 ' ii 
. 5 5 0 ,  0.573 1 
I 
I 
I 
! 
I 
I i i : 
2.5 
2.0 
I_ 
NOTES -- 80 - 50 sc ra t ch  and d i g  
-- s p h e r i c i t y  t o  4 f r i n g e s  o v e r a l l ,  1 f r i n g e  i r r e g u l a r i t y  
-- uniformity s t r e s s e d  by manufacturing i n  p l ane ta ry  doublc r o t a t i o n  and 
masking techniques,  and i n  t h e  case of t h e  f i e l d  l e n s  a special on-axis 
r o t a t i o n  used and a l l  c a r r i e d  o u t  i n  a common coa t ing  ba tch  lo t  
-- 1 nun. of  edge used f o r  mounting 
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5.0 OPTO-MECHANICAL DESCRIPTION 
This section is intended as a collection and summary of the specification parameters 
of the opto-mechanical section of the MAPS brassboard. 
of the various components are not described except in general terms, as these 
components are well specified in the attached engineering drawing set. 
The mechanical specifications 
3.1 Optical Lens 
The brassboard lenses were procured from OCLI. 
of curvature were optimized for best imaging under the distance constraints shown ir 
the mechanical drawings. 
shown are the diameters, thickness at center, and notes as to scratch and dig, 
sphericity and AR coatings. 
They are Ce-manium lenses whose radii 
The actual radii of curvature are given in Table I. Also 
3.2 Beamsplitter Parameters 
The four beamsplitters for the brassboard are all Ge, AR coated on one side. One 
set of two beamsplitters were AR coated to peak at 4.6 microns at 20 degrees angle 
of incidence, while the other set of two were AR coated for 11.2 microns and 20 
degrees angle of incidence. 
3.3 Beam Recombiner 
d 
A single bean recombiner was designed fot operation at both the 4.6 and 11.2 micron 
operating wavelengths. This beam recombiner, as stated earlier, needed to be 
non-polarizing. The beam recombiner is a 2 nun thick Germanium substrate, AR 
coated on both sides with a broadband coating, and in addition, one side overcoated 
with a polka dot pattern of gold dots so as to achieve a dot area to clear area 
ratio of 15/05. The beamsplitter parameters are also Summarized in 11- 
3.4 Interference Filters 
The interference filters were specified by NASA and the parameters for the OCLI filters 
supplied to BRL for the brassboard tests at 4.6 and 11.2 microns are specified in Table 
Iff. 
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TABLE 11 
BEAMSPLITTER PARAMETERS 
BEAMSPLITTEll 
--- 
4 beamspli t ters 
1 beam r e c m b i n e r  
~~~ 
MATERIAL 
G e  
G e  
DIAMETER 
mm. 2 -1 
35 
40 
THICKNESS 
mm. + .1 - 
1 
2 
, 
SURFACE 
FINISH 
0 
A.R. coated (for 22 
o p e r a t i o n )  on o n e  
s i d e  o n l y  
(1) o n e  set  o f  2 A.R. 
c o a t i n g  peaked 
a t  4 . 6  microns  
one  set  of 2 A.R. 
c o a t i n g s  peaked  
a t  13 .2  microns  
(2 
Aluminized w i t h  a 
"polkadot"  a r r a y  
of 0.61 + .80 mm. r a d i u s  
for a n e t  i l u m i n i z e d  
area of 15%. The 
dots b e i n g  i n  l i n e a r  
rows and i n  a p a t t e r n  
so as to  g i v e  isosceles 
t r i a n g l e s  of 3 mm. 
sides. Both s i d e s  A.R. 
coated w i t h  wideband 
OCLI m u l t i l ~ y e r  GO40005 
- 
NOTE: -- wedge a n g l e s  3 m i n u t e s  o f  arc 
-- 80 - 50 s c r a t c h  and dig 
-- 4 f r i n g e  f l a t n e s s ,  1 f r i n g e  i n e q u a l i t y  
-- 1 nun. of edge used  f o r  mounting 
- 
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INTERFERENCE FILTER PARAMETERS 
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3.5 Gas C e l l s  
The CO and NH3 gas cells were provided to BRL by TRW. 
d i f f e r e n t  cells o f  each gas. 
4.6 micron transmission while t h e  kmonia cells used 1 mm G e  windows f o r  11.2 
micron transmission. 
of a t tach ing  t h e  windows to  the body of the cell. 
The brassboard requi red  two 
The CO gas  cell used 1 mm thick sapphi re  windows f o r  
The cells were assembled according t o  a gold bonding technique 
The cell  parameters f o r  the 
i n  Table IV.  
cells used i n  t h e  brassboard tests a t  BRL are g iven  
3.6 Detectors 
The PbSe thermoelectr ical iy  cooled de tec tds  for CO d e t e c t i o n  and t h e  p y r o e l e c t r i c  
de tec tors  f o r  W detec t ion  are s p e c i f i e d  later i n  t h e  r e s u l t s  s e c t i o n  a s  the-e  
p a r m e t e r s  a r e  used t o  reduce the data. 
3 
3.7 Optical  Eff ic iency Budget 
The o v e r a l l  o p t i c a l  t r w s m i s s i o n s  of t h e  HAPS sensor  dekend on a l l  of  t h e  i n d i v i d u a l  
components i n  t t e  o p t ? c a l  path. These components are i l l u s t r a t e d  schematical ly  
in F' 'ure 3.1. The o p t i c a l  e f f i c i e n c y  o f  each d e t e c t o r  arm is d i f f e r e n t .  The 
sununary of t h e  transmission f a c t o r s  f o r  t h e  ind iv idua l  components, and t h e  n e t  
transmission f o r  each arm a r e  given i n  Table V. 
transmissions a r e  taken from vendor suppl ied d a t a  on t h e  comporients, or wi tness  
pieces. 
The i n d i v i d u a l  component 
3.8 Mechanical Mounts 
The individual  o p t i c a l  comE;onents were a t tached  to  a f l a t  a lminum b a s e p l a t e  by means 
of individua, component mounts. This design allowed a good d e a l  of f l e x i b i l i t y  f s r  
t e s t i n y  each component. The included drawinr, set d e t a i l s  t h e  design o f  each of the 
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GAS 
co 
co 
TABLE IW 
GAS CELL PARAMFT .ERs 
CONCENTRATIONS 
HIGH 
LOW 
WINDOW 
THICKNESS 
1.0 
1.0 
1.0 
~ ~ ~- 
WINDOW 
MATERIAL 
Sapphire 
Sapphire 
Ge 
Ge 
AVEkAGE 
TRANSMISS ION 
-62 
.68 
.41 
.47 
. 
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+ 
FIGURE 3.1 
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TABLE V 
OPTICAL TRANSMISSION BUDGET 
TRANSMISSION (11P) 
0.96 
0.96 
0.91 x 0.85 
0.65 
0.38 
0.61 
T1 
R1 
0.95 
0.48 
0.85 
0.97 
.070 
* 091 
.068 
4 
TRANSMISSION (4.6~) 
0.97 
0.96 
0.90 x 0.85 
0.70 
0.35 
0 .63  
T1 
R1 
0.95 
0.75 
0.83 
0.91 
.109 
.097 
* 091 
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mouats. The detector  mounts are i n t e g r a l  with the f i e l d  l ens  mount, The adjustment 
mechanism t h a t  w a s  f i n a l l y  b u i l t  and is shown i n  the drawing set w a s  modified a t  
TRW request from the o r ig ina l  design submi t t ed  to TRW. 
3.9 Electronic Components 
The W S  brassboard w a s  t a k a  through a set of tests a t  BRL p r i o r  t o  de l ivery  to 
TW. 
A list of t h i s  equipment is given i n  T a b l e  VI. 
To perform these tests a set of  laboratory e l ec t ron ic  equipment w a s  used. 
H-18 
TABLE V I  
ELECTRONIC EQUIPMENT LIST 
1.  
2. 
3. 
4. 
5 .  
6 .  
7 .  
8 .  
9. 
Tetronix Oscilliscope Model SO2 with camera. 
wavetec Waveform Generator, Model 112 
PAR Lock-in Amplifier Model HR-8 
PAR Differential Amplifier Model 114 
12 Volt Battery. 
90 Volt Battery. 
+ 15 Volt Powir Supply. - 
Anakek 28 Volt Power Suppl-. Model BRM 40-1OC 
Honeywell Chart Recorder Model Electronik 194 
d 
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4. Brassboard T e s t s  
4.1 OPTICAL ALIGNMENT, IMAGING AND THROUGHPUT OPTfplISATION 
(a) Optical Alignment 
O p t i c a l  alignment of the brassboard w a s  carr ied ou t  using an He-Ne laser 
mounted on an adjustable holder (two co-ordinates var iable)  approximately 
10 f e e t  i n  f ront  of the object ive lens holder. 
such t h a t  it w a s  directed along the brassboard op t i ca l  a x i s  defined to  be 
obtained when the  laser  beam passes cent ra l ly  through .010" diameter holes 
located a t  the  centre of the  object ive mount and f i e l d  stop. 
w a s  assured a t  the objective and f i e l d  s top mounts by locat ing a plano f ront  
surface mirror a t  both mounts respectively and ensuring that the  re f lec ted  
laser beam w a s  coincident with the  transmitted beam. The relay lens  mount 
which is an in tegra l  part of the  f i e l d  s top mount w a s  considered aligned when 
the f i e l d  stop had been aligned. The ax ia l  locat ion of the interference 
f i l t e r  and aperture stop w a s  f o 6 d  taking i n t o  consideration the op t i ca l  
ax i s  displacement due t o  the  beam recombiner. 
displacements with tolerances fo r  a l l  the  op t i ca l  mounts are shown i n  
Table  4.1. 
alignment. 
displacement by measurement from a pinhole located a t  the  centre of the f i e l d  
lens  aperture. 
and t w o  beam s p l i t t e r s .  
lens  mount ensured orthogonality of the mount. 
The laser beam w a s  al igned 
Orthogonality 
Computed and measured 
Figure 4.1 shows the  computed displacements of the  op t i ca l  
Field lens #1 ax ia l  posit ion w a s  found a t  its calculated ax ia l  
This displacement w a s  due to  the absence of the  beam recombiner 
A f ront  surface plano mirror placed a t  the f i e l d  
0 0 The location of the 25 
j i g  referenced to  a baseline pa ra l l e l  t o  the  op t i ca l  axis and located on 
the brassboard base plate .  
by replacing beam s p l i t t e r  R2 w i t h  a f ront  surface plano mirror and adjust ing the  
f i e l d  lens  mount un t i l  the l a se r  beam struck the f i e l d  l e n s  aper ture  a t  a locat ion 
coincident w;th the computed a x i a l  displacement. This locat ion was found by 
measurement from a pinhole located a t  the  centre of the  f i e l d  l e n s  apertcre.  
beam s p l i t t d  mount was obtained using a 25 aluminum 
The a x i a l  location of f i e l d  lens  #2 was obtaineci 
H-20 
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COMPARISON OF COMPUTED AND WARURED A X I A L  AND ANGULAR UISYLACBFU;NTS 
MEASURF. DISPLACF-NT 
Field Lens No. 1 
Beamsplitter No. 
Field Lens No. 2 -1.3 f 0.3 
u_- 
i 
Aperture Stop Horizontal -1.16 
Vertical 0 
normal 
! -1.15 + 0.3nn-1 i -  - i 0 + 0 . 3 m  
00 + 0.3" i -  --.. - L  
Hor-zontal 3 i 0.0 + - 0.; mm Bean Recomt iner 
0 . 0  f 0.3 m Vertical 0 
45O 45' + - 0.3O 
Tahl,  4 . 1  --.. 
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Orthogonality of t h i s  f i e l d  l ens  mount w a s  again ensured by having t h e  r e f l e c t e d  
laser beam a t  the  f i e l d  lens  coincident  w i t h  t h e  t ransmit ted beam. Bxunspl i t ter  
I1 was i n s t a l l e d  using a 20° j i g  again re fer red  t o  the base p l a t e  reference.  
A f ron t  surface plan0 mirror w a s  then mounted on this beamsplitter mount i n  order 
to a l ign  the  t h i r d  f i e l d  lens. The f ron t  surface mirror i n  this ann w a s  located 
using a loo j i g .  
in a similar fashion to  I1 and #2. 
The a x i a l  pos i t ion  and or thogonal i ty  o f  f i e l d  l e n s  # 3  w a s  found 
The beam recombiner mount was located i n  pos i t ion  a t  45O to  the  laser beam using 
a 45O j ig .  
0 
The reference blackbodies were al igned by ro t a t ing  t h e  brassboard through 180 
and al igning t h e  laser beam i n  such a manner t h a t  it w a s  orthogonal t o  and w a s  
transmitted through a .OlO" pin  hole  located .045" o f f  the o p t i c a l  a x i s  i n  t h e  
horizontal  plane a t  the aperture  stop. 
aligned by adjust ing t h e i r  respect ive mounts u n t i l  t he  laser beam re f l ec t ed  a t  
4.5' by a f ront  surface mirror located a t  t h e  beam recombiner was coirlcident 
with pin holes located a t  the  cen t r e s  of t h t  blackbody aper tures  i n  one ins tance  
d i r e c t l y  (hot blackbody) and i n  the  second instance af ter  r e f l e c t i o n  a t  the  
chopper disc. 
The hot  and cold blackbodies w e r e  
Orthogonality of  both blackbodies w a s  found a s  before. 
The r e f l e c t i v e  blackbody w a s  al igned by intro8ucing a -  .010" pinhole located 
a t  re lay lens  L2 and al igning the  l a s e r  beam u n t i l  it was orthoqonsl t o  t h i s  
pinhole. The laser beam ref lec ted  from t h e  chopper disc was then used to  
a l ign  the  blackbody. 
On completion of the  op t i ca l  alignment all mounts were d r i l l e d  and pinned, p r i o r  
to  removal of t h e  mounts i n  order t o  i n s t a l l  the o p t i c a l  components and f a c i l i t a t e  
relocation. 
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(b) Imaging and V e r i f i c a t i o n  o f  Ray Trace 
F i e l d  stop Facus 
After  mounting t h e  o b j e c t i v e  l e n s  i n  i t s  mount end relocatincr mount on brassboard base 
plate and i n s t a l l a t i o n  of t h e  chopper disc and cover ,  t h e  f i e l d  stop focus w a s  
determined using a 3/B inch diameter, 1/2 inch long h o t  s i l i c o n  c a r b i d e  resistor, 
loca ted  10 feet  on a x i s  i n  f r o n t  o f  t h e  o b j e c t i v e  l e n s  a s  t h e  source.  The 
loca t ion  of the image was obta ined  using a 0.010 i n c h  p in  h o l e  loca ted  i n  f r o n t  
of an InAs detector w i t h  the c a p a b i l i t y  of scanning along and perpendicular  t o  
the optical a x i s .  Figures  4.2 and 4.3 show t h e  data obtained perpendicular  t o  
and along the o p t i c a l  ax is .  
s t o p  image w a s  found t o  be 0.6 mm on t h e  beam recombiner sdde of t h e  f i e l d  stop phys ic  
loca t ion ,  This was i n i t i a l l y  l e f t  "as  is". The image depth w a s  found to  h e  
a -0.5 mm and the width % -0 .2 mm. 
When compared t o  the optical r a y  trace t h e  f ie ld  
+ + 
Aperture Stop Focus 
The r e l a y  lenses ,  beam recombiner and f i e l d  stop were mounted on t h e  b a s  ,rate 
and t h e  scanning InAs d e t e c t o r  and p i n  hole  were relocated a t  the a p e r t c r e  
s t o p  locat ion.  The o b j e c t i v e  l e n s  was removed and t h e  Si2 r e s i s t o r  sourcc w a s  
placed behind a 0.040 inch a x i a l l y  l o c a t e d  stop a t  t h e  o b j e c t i v e  l e n s  p o s i t i o n .  
Di rec t ions  perpendicular  t o  and along t h e  o p t i c a l  a x i s  were scanned and the 
data recorded i n  f i g u r e s  4.4  and 4.5 .  The image of this source loca ted  i n  t h e  
o b j e c t i v e  plane w a s  found t o  be % 1 mn toward t h e  f i e l d  l e n s  from the a p e r t u r e  
s top.  This  was l e f t  "as is". 
width % -0.2 mn. 
+ 
The image depth was found t o  be % -0.5 mm and t h e  
+ 
F i e l d  Lens  Focus 
The I n ~ s  d e t e c t o r  and p i n  hole  were re loca tzd  a t  t h e  image l o c a t i o n  of t h e  f i e l d  stop, 
i . e . ,  a t  t h e  f i e i d  l e n s  #1 pos i t ion .  The h o t  source  was relocated az f o r  t h e  f i e l d  
atop focussi,tg and t h e  o b j e c t i v e  l e n s  rernountecl, 
0.910 ir.ch a p e r t u r e  perpendicular  t o  and along t h e  o p t i c a l  a x i s  a r e  recorded i n  
f i g u r e s  4 .6  and 4 . 7 .  
ax ia l  co-ordinate.  The i r r e g u l a r i t i e s  of t h e  f a m i l i e s  of curves  show t h e  
d i f f i c u l t y  i n  a l ign ing  t h e  X-Y scanner on the o p t i c a l  a x i s .  
recorded f o r  the  loca t ions  of f i e l d  lenses  112 and #3. 
The r e s u l t s  of scanning t h e  
The var ious  curves i n  4.6 are for d i f f e r e n t  s e t t i n g s  of t h e  
S i m i l a r  d a t a  were 
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TRANSVERSE DIRECTION SCAN 
Data obtained usirig a 0.010 inch scanning pinhole moving perpendicular to 
the optical axis. The source was a 3/8 inch diameter, 1/2 inch long hot 
Sic resistor located 10 feet on axis  in front of the objective lens. 
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Fig .  4 . 3  
A 0.010 lnch scanning aperture m v i n g  i n  the  d i r e c t i o n  of t h e  o p t i c a l  ax is  
a t  the f i e l d  stop focus. The source was as  in Fig  4 . 1  
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Fig 4 . 4  
Results of pinhole aperture scans a t  the aperture stop location. The Sic 
res i s tor  source was loca ed behiEd a 0.040 inrh ax ia l ly  located stop a t  the 
position of t h e  objective lens .  The X-Y microscope stage mount was scanned 
in the Transverse d-rection for a set of values ( i n  mm) for the axia l  locations.  . 
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AXIAL DIRECTION SCANS 
Fig 4.5 
Scans of the 0.010 inch pinhole m o w i n g  i n  the axial  direction a t  the aperture 
stop. The axial scans are for various lateral  
positions (shcwn in uan) 
The source is  as  for F i g  4.3.  
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TRANSVERSE bRECTICN SCAN 
Fig  4.6 
Results of scanning the 0.010 inch aperture through the f i e l d  lens focus 
position. 
of the objective lens. 
located a t  the f i e l d  stop. 
sett ings of the axial co-ordinate. 
The source was the Sic resistor located axially 10 feet i n  front 
Thus the focus is a reinraging of the f i r s t  image 
The various curves are for different  ( in  nun) 
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Fig  4.7 
Results of the 0.010 inch aperture scans moving in the axial direction for 
several settings (indicated in m) of the transverse eo-ordinate. The 
families of curves are not rogular because of the difficulty in aligning the 
X-Y scanner precisely on the optical axis. 
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(e) Detector Alignment 
A f t e r  locating filed lens positions, all optical 
umponents were raassdldl an8 positioned on the brassboard baseplate. 
Initially, the W.Se detectors were installed in thrcir holders and after 
positioning the a and Ma gas cells in their respective optic arms, optidsation 
of each detector outputwah attempted. 
a maximum for any PbSe detector in the direction of the optic axis, however, 
it was found possible to maxhise the detector response in the two directions 
orthogonal to the optical axis. The detectors were demounted and the munts 
modified by reuowing 0.1201 from the rear surface of each, thus enabling the 
detector to be located closer to the field lens and allowing a maximum position 
to be found. 
the PbSe manufacturers' drawings showing the location of the detector flake, 
were in error, ar4 the detector flake was actually = .lo0 inch closer to 
the detector base then had been expected. 
It was not found possible to go through 
After discussions with T.R.W. personnel, it was discovered that 
A similiar procedure was carried out for the pyroelcc,*ric detectors and again 
it was found necessary to remve -040" from the rear face of each detector 
mount in order to locate the optimum position where each detector output was 
found to be able to go through a maximum in a l l  three directions. 
of these positions all detector adjustable mounts were locked to enable 
relocation on the field lens mount when the PbSe and pyroelectric detectors 
were interchanged. 
On location 
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The field h g e  was found with no interference filter or gas cells i n  the 
kasshoad. 
surface. 
then taking the I.F. and gas cell windows into consideration the field 
h g e  to relay lens distance would be 2 198mm, considered too fa r  out of 
design tolerance. 
stop and the field lens image found to be relocated a t  190.2~~11 (excluding 
I .P.  aa8 gas cell windows). The field lens surface is located a t  193.7mm 
f r a m  the relay lens. (verification of ray trace) When a l l  the optics are 
included the iield image w i l l  be a t  1 9 2 . h  i.e. the field image w i l l  be 
1.2 BBB ahead of the field lens surface. 
'phis image was located a t  195.7rmn from the rear relay lens 
"he imager depth was found to be f 3.5n-m and the w i d t h  2 f 0 . h .  
'Ihe objective lens was moved =O.brrso away from the field 
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When the PbSe detectors were received from Opto-electronics it was not found 
possible to reproduce the cooler 
specified, 
did not correlate with manufacturers data. 
temperatures recorded by opto with the power 
It was also found that the ambient thermistor resistance values 
Most of the cooling capability was recovered after the detecor qetters were 
fired and the variance in the ambient thermistor resistance was later foud to 
be due to the fact that ;It Opto the thermistor resistance values were recorded 
with 100 \I bias on the detecor, resulting Jn sane internal heating. 
Gettering was accomplished by passing 
transformer with a transformer acting as a choke to limit the currept. 
voltage on the 'lariac was 33 volts and the getters were fired 3 times for 10 
seconds each, with a dead period of 3 minutes between each firinu. 
54 k p .  P..C. derived from a variable 
The 
The time history of each PbSe detector coolers' operating efficiency during 
testing at BRL is shown in Figures 4.8 - 4.11. 
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Fig 4.8 
The time history of the PbSe detector b.004 cooler, operating efficiency 
during tes t ing  at BRL. 
taken for a variety of operating camtitionr, but the values shown here are 
for 160 hA of cooler current, unlesr otherwise shown. 
the Getters . 
Values for the cold resistance of the thermistor were 
!The %'' indicates  f i r i n g  
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Fig 4.9 
The time history of the PBSe detector No. 006,cooler, operating efficiency 
during testing at BRL. 
taken for a variety of operating conditions, but the values shown here are 
for 160 mA of cooler current, unless otherwise shown. 
the Getters. 
. 
Values for the cold resistance of the thermistor were 
The "G" indicates firing 
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The time history of the PbSe detector N0.005 cooler, operating efficiency 
during testing at BRL. 
taken for a variety of operating conditions, but the values shown here are 
for 160 mA of cooler current, unless otherwise shown. 
the Getters. 
Values for the cold resistance of the thermistor were 
The "G" indicates firing 
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PbSe detector cooling efficiency versus power applied to the 
heat exchangers. Curves are obtained for a detector heat sink at 30°C. 
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PbSe thermoelectric coo-er performance versus time. 
lOOV bias changes the indicated temperature by less than l°C, and the application 
of increased photon flux from the blackbody source gave no discernable change 
in indicated temperature. 
The application of the 
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.Rssponsivity versus Temporahre for the PbSe detectors (data supplied by 
@to-electronics) . 
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4.3 HEAT SINKING EFFICIENCY TESTS 
The efficiency of the detector heat sinking was evaluated with and without the 
heat sink.ntrap connected. No. 44033, Y S I  thermistors were used to monitor the 
detector base, baseplate and ambient temperatures. 
The temperature. c?rift of the baseplate and detector base with the heat sink strap 
connected was found to correlate with ambient temperature. 
the heat sink strap connected was found to be 22.:” C hotter than the base with the 
strap connected. 
the heat sink strap was found to be only 0 . 7 O  C. 
obtained during the heat sink efficiency tests. 
The detector base without 
The d‘.fference in the detector cold temperature with and without 
Fiqcre 4.14 shows the results 
It would appear that although the heat sink straps 
heat sinking Efficiency the detectors would operate auite adeouately without 
them. This is not really surprising when one considers that only 2 watts m x .  
has to be dissipated and that the thermal contact between the detector base 
and mount is very good. 
do provide an increase in 
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The bhckbodies  vere assedled by inserting the body consistim of the machined 
pyramids i n  liquid iiitrogen and then pressinq the body i n t o  the cover. 
pb ensure hiqh eu i s s iv i ty ,  3n black pa in t  and appropriate p r imwre  us& to 
pain t  the blackbodies. 
of s v i l l i n g  t h e  priner 
suspending the  body upside dawn-to allow a l l  excess p a i n t  to drip out. 
blackbodies were then baked a t  275OP f o r  = 30 minutes. 
q l e t e d  it was found that excess pa in t  which had not been removed xrom the 
cavi ty  had p a r t i a l l y  f i l l e d  in the base of the pyramids 
--black cavity.  
consisted of spraying both the primer and pa in t  on the blackbody and a l l m i n g  
the pa in t  to cure Overnight. 
fu ture  w m l d  be to spray the blackbody prior to assembling them in t h c i r  covers, 
when it w i I l  be ensured that the spray carries pa in t  t o  a l l  s i d e s  of t h e  pyramids. 
d i f f e r e n t  techniques were employed, one cons i s t ing  
f o l l a R d  by the YI p a i n t  around i n  the bhckbody and then 
The 
then  the baking w a s  
The second method which was found to give much better r e s u l t s  
I t  is f e l t  that the best approach to  take  i n  
I n  i n i t i a l  t e s t i n g  of t he  blackbody with the  Tayco hea ter  i t  wa.r found t h a t  t h e  
addi t ional  hea t  load provided by the  aluminium re t a in ing  r ing  w a s  s u f f i c i e n t  to 
ensure t h a t  the thermistor imbedded within the blackbody d id  not see a 
temperature g rea t e r  than 50 C when maximum power (10 w a t t s ;  w a s  appl ied to  t h e  
heater .  
heating curves f o r  t he  blackbody were obtained as a funct ion of t i m e  f o r  var ious 
fixed levels of heating power. 
t e w r a t u r e  i n  excess of 1 0 0 ~ ~  could be obtained i n  less than 30 minutes. 
0 
A t e f lon  r ing  w a s  fabr icated to  replace the  $luminium re t a in ing  r ing  and 
I t  w a s  found t h a t  for maximum heat ing power a 
Fig. 4.1s 
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REFLECTIVE BLACKBODY HEATER 
/ IOV,150mA /-- 
~ ~- ~ ~ ~ ~~~ ~ ~ 
2 4 6 8 IO I2 14 16 18 20 22 24 26 
TIME ( MINUTES) 
60 
so 
0 
Y 
25 
- 
28 30 
Heating curves for the hot blackbody. 
of time for various fixed l e v e l s  of heating power applied to the Tayco heating 
element. 
The curves are obtained as a function 
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6.5 LED - Phototransistor Tests 
L.E.D. - phototransistor tests werc carried out for both the reference and 
.signal frequency picrc-offs. The L.E.D. used was a G.E. L.E.D. 56 and the 
phototransistor was an MRD 310. + 10 volts was applied through a 100 Sl 
resistance to the anode of the L.E.D. and + 20 volts was applied to the 
collector of the phototransistor. The output signal was picked off across 
a 100 Q load resistor. 
Oscilliscope records of the outputs of the phototransistors from the L.E.D. 
phototransistor pairs located on the chopper disc cover are shown in Figures 
and 4-17. Fig 4.16 shows the waveforms for the pair synchronous with the source 
4-16 
chopping frequency and Fig4.17 
chopping frequency. 
disc waveforms. 
shows the waveform for the reference blackbody 
These records will be of use in evaluating the chopper 
H- 44 
MAPS SYNCHRONOUS SIGNAL WAVEFORM JULY 8. 1975 
20 mV/cm. 
1 mSec/cm. 
? 
5. 
Oscilliscope records of the outputs from the phototransistors of the LED - 
phototransistor pairs located on the chopper disc. 
pair synchronous w i t h  the source chopping frequency. 
in evaluating chopper waveforms. 
transistors had 20 V on the collector. 
These records are for the 
The records are to be used 
The IdSD’s had 10 volts applied and the photo- 
FIGURE 4.16 
H-45 
bur- - -.- 
Oscilliscope records of the LED - phototransistor chopper waveforms for the 
reference blackbody chopping frequency. 
are as for Figure 4.18. 
The LEP - phototransistor conditions 
FIGURE 4.17 
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4.6 Scene and Reference S igna l  Evaluation 
The PbSe and pyroe lec t r i c  de t ec to r  and preampl i f ie r  ou tput  waveforms were 
examined using the  Eppley blackbody as t h e  scene t a r g e t .  
4.19 
de tec to r  and preampl i f ie r  a t  t h e  scene frequency, for source and r e f l e c t i v e  
blackbody temperatures as noted may be evaluated and t h e  respec t ive  chopping 
e f f i c i ency  determined through the bandpass of t h e  preampl i f ie r .  
From Figures  4 . l &  an4 
t h e  outputs  of t he  PbSe de tec to r  and preampl i f ie r  and p y r o e l e c t r i c  
- 
Figures  4-20  and . 
4.21 show t h e  composite de tec to r  ?*avecor?ns, sonrce and re ference  
frequencies,  for t h e  source temperatures noted. 
Optical c ros s t a lk  between t h e  scene and re ference  frequencies  w a s  evaluated 
by monitoring t h e  d i f f e r e n t i a l  output fram preampl i f ie rs  #1 and #2 v i a  a 
P.A.R. d i f f e r e n t i a l  ampl i f i e r  and lock-in ampl i f i e r  with t h e  output  V1 
balanced a t  zero. V - V was recorded v i a  a Honeywell c h a r t  recorder .  
- v2 
1 2  
With the  Eppley blackbody set a t  33.41OC Av. f o r  t he  f i v e  platinum r e s i s t a n c e  
thermometers t h e  output  V - V a t  t h e  scene frequency was monitored while 
the  te-rature of t he  ho t  reference blackbody w a s  cycled t o  64OC and allowed 
to cool down t o  ambient 31 C. 
1 2  
0 
No optical c ros s t a lk  w a s  apparent on t h e  output  a t  t h e  scene frequency while  
t h e  amplitude of t h e  reference frequency was var ied.  
the  d i f f e r e n t i a l  reference s igna l  with the  ho t  reference blackbody a t  51.5 C 
and cycl ing t h e  scene amplitude from 33.41OC to 84.11OC and down again no 
c ross t a lk  w a s  apparent between t h e  scene and reference frequencies .  
S imi l a r ly  while monitoring 
0 
d 
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AUGUST 1979 
2 mSec/cm. 
SO mV/cm. 
Source 30.7OC 
Reflective B. 
28. O°C 
Board 
FIGURE 4.18 
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PYROELECTRIC wAvEpy)RM DETBCTORS AUGUST 7 T H ,  1975 
i 
I .  
. 100 mS/cm. 
. 200 mV/cm. 
FIGURE 4.19 
SIGNAL WAVEFORM 
Source 36. S4'C 
Reflective B. Body 
27 . 74OC 
SIGNAL VAVEFORM 
Source 45.7 ~ O C  
Reflective E. Body 
26.3OC 
-
1:. 
REFERENCE WAVEFORM 
C o l d  B. Body 28OC 
Hot B. Body 74 .81°C 
'4 
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20 mSec/cm. 
500 mV/cm. 
. 
PYROELECTRIC DBTECTOR COHPOSITE WAVEFORMS AUGUST 7, 1975 
Source 36.52'C 
ICoflQCtiW B e  'ody 
280C 
Cold B. Body 
28. ZoC 
H o t  B. Body 
74. 8loC 
100 mSec/cm. 
so0 mv/cm. 
4 
Source 39.4Oc 
Reflective B. Body 
27.6OC 
Cold B. Body 
27.74"C 
H o t  B. Body 
74. 81°C 
100 msec/cm. 
200 mV/cm. 
FIGURE 4.20  
Source 36.53OC 
Reflective 8. Body 
28OC 
Cold B. Body 
28OC 
Hot 8.  Body 
7S0C 
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A 
[j 
11005 
.. 
1 mSec/cm. 
LOO lnv/cm. 
PbSe DETECTOR COMPOSITE WAVEFORMS AUGUST BTH, 1995 . 
., . - , ._.. . ." 
e 
Source 31.17OC 
Reflective B. Body 
27.9OC 
Cold B. Body 
27.9"C 
Hot B. Body 
46.9OC 
Source 30.97OC 
Reflective B. Body 
27.95OC 
Cold 33. Body 
27. 95OC 
Hot 8. Body 
47OC 
Source 31. 8SoC 
Reflective B. Body 
27.7"C 
Cold 8. Body 
2P 25OC 
H o t  B. Body 
SS.S0C 
. -  FIGURE 4.21 
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4.7 Preamplifier Check-out 
The TRW supplied PbSe and pyroe lec t r ic  preamplifier8 were consecutively 
i n s t a l l e d  on the  brassboard connected to  t h e i r  respect ive de t ec to r s  and 
pre-amplifier outputs evaluated. 
t h a t  a large amount of pick-up was apparent due to the thermistor  ground and 
T.E. cooler ground being connected a t  the  output of the  preamplif ier  rather 
than the input. 
found t o  disappear. 
be wired incorrect ly .  
of a connection between R and R on the preamplif ier  (see schematic). When 
these modifications had been car r ied  o u t ,  a l l  preamplif ier  de tec tor  combinations 
were found to  operate s a t i s f a c t o r i l y .  
covers was evaluated and while on one pyroe lec t r ic  preamplif ier ,  high frequency 
spikes were evident the  presence or absence of t he  covers d id  not a f f e c t  the  
coherent output of the  de tec tor  and preamplifier. 
On the  PbSe preamplif iers  it was discovered 
This modification was carried ou t  when the pick-up was 
Two of the  pyroe lec t r ic  preamplif iers  were found to 
The -6 V bias on the  detector w a s  absent due t o  lack 
1 2 
The value of t he  ferrous preamplif ier  
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P E R F O W C B  EQUATIONS 
5 x- x Af 1 Crest Factor Gain . Detector noise voltage - (Out p-p nois@) x 
(1) c (Vms HZ 1 
1 Signal respense x 2 x - Gain System efficiency T T = o e AN x responsivity x A h  x ASi A 
(watts) noise voltage 
= responsivity 
-2 -1 (W cm sr 
AR TOTe 
NEN = 
W 
2 
AF J 2 [Av(f)] df 
Av 0 
= n/2 . f for 6 db/octave filter 2 
D* = 
(2) 
(3)  
(4)  
( 5 )  
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4.8 NOISE V3LTAGE WASUREl4ENTS 
Noise voltages w e r e  determined for each detector preamplifier combination with 
modulated energy derived from the Eppley blackbody f a l l i n g  on t h e  detectors .  
The output from each preamp was taken i n  turn v i a  a PAR lock-in amplifier 
t o  a chart recorder and the peak-to-peak noise voltage determined when a l l  
modulated energy w a s  removed from the detectors  by blocking each op t i ca l  arm i n  
turn. 
Noise voltages referred to each detector were obtained using equation (1). 
The peak-to-peak noise was measured from the char t  record where the  t i m e  period 
considered w a s  % 100 x PAR time constant. In  this case the time constant was 
1 second .and thus peak-to-peak noise over periods of 100 seconds were taken 
ind an average value derived over 5 such periods. 
1 as  assumed to  be Gaussian and the appropriate c r e s t  factor  obtained from f igure  4-22. 
Noise from a l l  o f  the de tec tors  . 
The gain of each preamp w a s  determined by introducing a square wave of known 
amplitude a t  the  s ignal  frequency in to  each preamp input and recording the  preamp 
output. 
Square wave p-p vol t s  out  
Square wave p-p vo l t s  i n  Then preamp gain 5 
# 
The gain of the PAX lock-in and chart recorder was obtained by f ixing the PAR 
internal  reference a t  the  desired s ignal  frequency and w i t h  a square wave of 
known amplitude, derivea from a sior?31 generator, a t  the s igna l  input,  sweeping 
the generator to  obtajn the  beat frequency a t  the char t  recorder output. 
Sine wave p-p vo l t s  out  
Then PAR gain = Sine wave p-p vo l t s  i n  
T ~ B  noise bandwidth A f  was obtaine6 €rom equation (5) .  Detector noise voltages 
thus abtained were compared with those obtained from the detector  manufacturers 
a8 shown in Tables 4.4,  4.6, 4.10 and 4.12. 
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AUGUST 6 / 7 5  
mma CREST FACTORS FOR GAUSSIAN N O I - S W  
Ratio of pcak-to-peak voltagc and RMS voltagc. 
"rms 
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FIGURE 4.22 
4.9 SYSTFH EFFICIENCY 
systeer thruput or total optical and e lec t ron ic  e f f ic iency  was derived i n  a 
sbi lar fashion as the noise voltages. Using the @#el( blackbody a s  the 
W t  ~ u c t :  and uith a known temperature a t  the r e f l e c t i v e  blackbody the  
aJlerent s igna l  on each detector was displayed on the chart recorder as an 
awerage mltage output. 
2. 
r d i a n t  i.lput as sM. ir! P i m e  4.23 System gain was ?-id a3 i n  sect ion 4.8. 
The d i f f e r e n t i a l  ANA radiance was computed from the known tewperatures of the 
source and r e f l ec t ive  blackbody. 
were assumed and An uas calculated from design data. 
respolrse from each detector vas obtained by consecutively a l l o r i n g  the  r ad ian t  
-9Y 
r-ovhg the blocker. 
predicted design &%a as shown i n  T a b l e s  4.7 
System ef f ic iency  tore was then obtained from equation 
phe d.c. s igna l  response w a s  related to the peak-to-peak square wave .. 
Manufacturers data fo r  responsivi ty  and A A  
The magnitude of the 
eacfi a m  to  be completely blocked, to obta in  a base l ine  and then 
Xeaswed values for ; o ~ e  were then compared w i t h  t h e  
and 4. 13. 
Btoise equivalent radiances (NM) were t k n  calculated f r o m  t h e  noise voltage data 
using T O f e  as shown i n  equation (4). 
design data as shown i n  Tables 4.7 and 4.13 . 
These MEM's were again compared w i t h  the 
4.10 GAIN BALANCING 
The gains of two of the preamps for both the PbSe and py roe lec t r i c  detectors 
were a d j u t e 3  to give iden t i ca l  outputs  to a fixed Eppley blackbody source. 
TUs was accmplished by using t h e  outputs  from two c f  the preamplif iers  and 
coupling them v ia  the PAR d i f f e r e n t i a l  amplif ier  and lock-in amplif ier  to 
obtain zero output by adjust ing the  gain of  the preamp: with t h e  l a r g e s t  
s igna l  a t  its output through a potentiometer located on the preamplifier.  
Tha output from the t h i r d  preamplifier w a s  then coupled with one of the first 
two outputs through the  d i f f e r e n t i a l  amplif ier  and lock-in amplifier and the 
gain of the third preamplifier adjusted to  again obta in  zero output.  
instance the d i f f c r a n t i a l  output V1 - V, and VI - V3 were recorded and the  noise 
voltages a f t c r  being d i f f c r e n t i a l l y  coupled, 
In each 
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Fig .  4.23 
*A 
(Sibel) 
in 
I 
L. r 
U 
J J 
* 
Ref 
1.0 
0.0 
, i 
output = aA in wt . b pin w t  dt s =T($ ab co 2wt - # ab COS (w-w)t)dt 
= -4% ab dt + f 3 ab COS 2 wt dt 
T 
-r 
after filtering (integration) 
= - $ a b  
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. 
4.11 bV GAS SIGNAL 
I n i t i a l l y  it had been intended to monitor the d i f f e r e n t i a l  output from arms 
1 and 2 to itvaluate V1 - V2 as a function of gas s igna l  input for the  PbSe 
detectors. 
Unfortunately due to scheduling problems only the t a rge t  source was avai lable  
and thus it w a s  not  possible to perform p r e l h i n a r y  gas response tests. 
was found possible to place a 1 Cm x 1 1/2 inchpiameter  cell with sapphire 
windows containinq 60 C3 hactc i l14  w i t h  "2  t.0 a t n t a l  wressure cf 760 KPIR, 
between the objective lens and the  chopper disc and record the  response. 
This test v e r i f i e s  t ha t  the brassboard was i n  f a c t  capakle of seeina 2 x 10-3am. 
Qns. CO with a t a rge t  source temperature of 33.49 C with an SJN (RMS) =1. 
This required the use of the G.S.U. t a r g e t  source and absorption cell. 
However it 
.. 
c 
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Tables 4.4, 4.S, 4.6, 4.10, 4.11 and 4.12 giwe a comparison of the detector 
manufacturer's noise voltage data w i t h  that abtained on the brassboard) 
measured as outlined in section 4.8 far both WSe and pyroelectric detectors. 
#easur& values for noise voltages were obtained under the following set of 
condrtions in each case referred to the detector. 
X- XAf+ 1 X Detector noise voltage = (Output p-p noise) 
C r e s t  factor G a i n  
Crest Factor = 5.2 
Noise bantiwidth = 0.25 HZ 
Output p-p noise was obtained from the chart record- 
VAv was also obtained from chart record 
H- 59 
HEN values were calculated for each arm of the brassboard a t  
4.6 microns and 11.2 microns as described i n  section 4.9. 
mese values along with optical efficiency and throughput 
values were then ampard with design values in Tables 4.7 h 
4.13. 
H- 6Q 
PYROELECTRIC DETECTORS 
725 
8 6.9 x 10 
ROOM 
TEMP. 
.a 
650 
8 3.9 x 10 
- 
Area (cm 1 
NEP (W) 
~~~ 
12117 
.0404 
725 
8 7.7 x 10 
2.56 x 10-l' 
Responsivity 
7OC 
4.7 x 10 
12142 
.0402 
762 
8 9.5 x 10 
2.087 x !0'lo 
12243 
.0402 
725 
8 5.9 x 10 
3.38 x 10-l' 
Table  4.2 
DetectGr performance data supplied by manufacturer 
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AIIM 
DEl'ECTOR 
Illack Body Temps ("C, 
a Radiance (Wmn2Sr -1 IJ -1 1 
0 Source Temps ( C) 
U Radiance (tJcm -2 Sr -1 L -1 1 
-1 -1 A Radiance (WCUI-~S~ u 1 
P.A.R. GAIN 
Boise Bandwidth (Hz) 
Pre-amp gain 
VAV Signal (VI 
v Noise (VI 
Crest Factor 
P-P 
T T  o e  
N.E.P. (W) 
D* Cm Hz W-' 
NEN (WCUI Sr 1 -2 -1 
3 
No. 12117 
a 
NO. 12342 
25.5 
9.44 
30.45 
1.015 x loo3 
7.09 
39.5 
.25 
3 lo3 
90 
2.65 
3.15 
5.2 
.045 
3.66 x 
5.46 x lo8 
8.19 
~~ 
25.1 
9.385 x 10' 
30.34 
1.013 x 
7.45 
43.45 
.25 
.. 
1.92 x 10' 
7.8 
37.5 
5.2 
1.72 
.073 
2.25 x 10''' 
8.89 x 10 
3.18 x lo'* 
a 
1 
No. 12243 
26.8 
-4 
9-25 x 10 '. 
30.74 
1.019 x 10- 
5.65 loo5 
43.45 
.25 
2.38 lo3 
90 
3.34 
5.6 
5.2 
.OS8 
8 4.6 x 10 
4.34 x 10 
8.19 x lo-* 
0 
- 
Table N o .  4 .3  
Pyroelectric detector measured data 
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PYRO NO. 12117 
D* 
Cm He W ' 4 -1 
- 
NOISE VOLTAGE 
(vrms Hz-? 
MANUFACTURER ' S 
DATA 
8 7.7 x 10 
1.86 10'' 
~~ 
MEASURED 
DATA 
8 5.46 x 10 
2.65 
Table 4.4 
Comparison of manufacturer's and measured data 
-
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PYRO NO. 12443 
D* 
4 -1 ( C m H z  W 1 
NOISE VOLTAGE 
-5 (Vrms Hz 1 
Table 4.5 -
MANUFACTURER'S 
DATA 
8 5.9 x 10 
MEASURED 
DATA 
8 4.34 x 10 
2.45 
c 
3.34 10'~ 
Comparison of manufacturer's and measured data 
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WRO NO. 12142 
NOISE VOLTAGE 
-3 Vrms Hz 
M?MUFAL”I’URER ’ S 
DATA 
8 
9.5 x 10 
1.59 lop7 
Table 4.6 
Comparison of manufacturer's and measured data 
b‘EASURED 
DATA 1 
8 8.89 x 10 
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COMPARISON OF DESIGN & MEASURED BRASSBOARD 
PERFORMANCE tNH3] 
Af (Hz) I 
D* (Cm Hz5 W-') N o .  1 
N o .  2 
N o .  3 
No. 3 I 
DESIGN ID) 
3.88 x 
0.1 
5 x lo8 
8 
8 
5 x 10 
5 x 10 
.062 
.OS6 
.091 
5.26 x 10" 
5.82 x 
3.58 x 
4.85 x 
0.25 
8 
8 
4.34 x 10 
8.89 x 10 
8 5 .46  x 10 ---- 
.058 
.073 
.045 
8.19 x 
3.18 x 
8.39 x lo-' 
Table No. 4.7 
H-66 
PbSe DETECTORS 
(195°K performance) 
R. 
D* 
2) Area (Cm 
Responsivity tV/W) 
I 
4 2.85 x 10 
1 . 2 9  x 10 10 
TEMP 
Responsivity (v/W) 
D* 
. D e t Q C t O r  Detector 
004 
.04 
2.04 x 10 
1 .05  x lo1' 
4 
.04 
3.49 x 10 4 
9 9.59 x 10 
185OK 
1 . 9 1  x 10 4 
1.08 x loao 
Detector 
006 
.04 
3 .21  x 10 
1.25 x lo lo  
4 
180'K 
3.15 x 10 4 
1.39  x lolo 
19 2OK 
2 . 7 1  x 10 4 
10 1.48 x 10 
19 7OK 
Table No. 4.8. .  
PbSe detector performance data supplied by Opto +?ctronics. 
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ARM 1 2 
Detector 
Black Body Temps C0C) 
n Radiance (WCm -2 Sr -1 )I -1 ) 
0 Source Temps ( C) 
-2 -1 -1 '* Radiance (WCm Sr p 
-2 -1 -3 A Radiance (WCm Sr 1.1 
Detector Temps (OK; 
P.A.R. GAIN 
Noise bandwidth (Hz) 
Pre-amp gain 
Vav Signal (VI 
Vp-p Noise (VI 
Crest Factor 
Noise Voltage (Vrms Hz-') 
t t  
o e  
N.E.P. (W) 
D* (Cm Hz W ) 
NEN (Wan Sr ) 
xr -1 
-2 -1 
No. 005 
21;. 
1.807 1 
30.57 
2.11 x 10 
3.03 
191 
43.5 
.25 
473 
3.35 
46 
5.2 
8.6 x 
.lo1 
2.46 x loc1' 
8.11 x 10 
2.51 x 10 
9 
-9 
No. 004 
26.5 
1.839 x 
30.65 
2.116 x 
2.77 
19 3 
39.55 
.25 
773 
2.05 
61 
7.7 
5.2 
.082 
3.77 x lu-ll 
9 
5 .3  x 10 
4.71 
3 
Nir. 006 
26.65 
1.848 x 
30.68 
2.118 x loc4 
2.7 
189 
43.5 
.25 
555 
2.3 
35.3 
5.6 
5.2 
.084 
1.77 x 
1.12 x 10 10 
2.17 
Table No. 4.9 
PbSe detector measured data 
H-68 
MOISE VOLTAGE 
(Vrms Hz-? 
Table  
~ 4.10 
K%NUFACTURER'S 
DATA 
7.27 x lo-' at 195OK 
4.54 x a  BOOK 
DATA 
8.1s x log at 191OK 
- --- 
8.6 x at 191O~ 
Comparison of manufacturer's and measured data 
H- 69 
wse No. 004 
8 
NOISE VOLTAGE 
vrms He -r, 
1.046 x 10” at 19S°K 
9.99 lo9 0 19SoK 
1.077 x 10” l 8 S o K  
8.87 x 10” l9Solr 
1.29 x 10” 197.5OR 
3-9 x at 1950~ 
4.0 x lod7 1950~ 
3.55 - l8S0K 
4.57 x L 1 9 ~ ~ ~  
4.4 x 197.S0X 
Table 4.11 
Comparison of manufacturer’s and measured data 
WEASURFS 
DATA 
5.3 Y lo9 at 193OK 
7.7 x lo-’ at 193OiC 
. 
H-70 
PbSe No. 006 
NOISE VOLTAGE 
~ V m s  Hz-5 
T;rble 4.12 
M&MlFACTURER ' S 
DATA 
1.25 x 10'' at 19soK 
1.48 x 10 10 " 182OK 
5.13 x at 195'K 
3.66 x lo1' *' 182OK 
XXASURED 
DATA 
1 12 x 10" at 189OK 
5.6 x lom7 at 189OK 
Comparison of manufacturer's and measured data 
H-71 
COMPARISON OF DESIGN 8 MEASURED BSU"ST:OAitD 
No. 3 
f T  No. 1 
No. 2 
No. 3 
oi: 
-2 -1 NEN (WCm Sr 1 No. 1 
A f (Hz) 
4 -1 D* (Cm Hz W 1 No. 1 
No. 2 
No. 2 
No. 3 
DESIGN (D) 
3.88 x lo-' 
9.1  
10 
10 
10 
1.2 x 10 
1.2 x 10 
1.2 x 10 
.091 
.lo9 
.097 
1.49 
1.25 
1.40 
MEASURED (MI 
4.85 x 
0.25 
9 8.11 x 10 
5.3 lo9 
1.12 x 169 
. ir. 
0.101 
0.082 
0.084 
2.51 x 10'' 
4.71 
2.17 
Table 4.13 -
H-72 
Piold 
lens 
d2 
225.4 1180~ c 
2 467.6 mm 
225.4 x 457.6 
(14 7.4 l 
2 
0,0485 cm sr 
H- 73 
MAPS 6AS CELLS CHodICAL CoI4pATIBILIfy 
LrE Est 
1-1 
INTCROFFICR CORRCSPONDLNCI 
E. A. Burns 4Ml.AC.76-118 
TO P. Hutchings 
WW~CT MAPS Gas Cel ls  
Chemical Compat ib i l i ty  
CC: C. F legal /  o*TB: 6-9-76 
W. Massey 
L. Peterson 
R. Jones 
FROM: L.E. Ryan $ f .  q h d  
OLDG M A I L  STA. E 1  . 
L i f e  Test 01 2030 -- 62451 
Reference 1: 4341 .AC.75-165, Chemical Compat ib i l i ty  Study o f  MAPS 
Gas Cel l ,  To: W. Massey, From: L.E. Ryan, 7-24-75 
Reference 2: Monitoring o f  A i r  P o l l u t i o n  by S a t e l l i t e s  (MAPS) Phase 
1 Report, Science Applications Incorporated. 
Reference 3: 4341.AC.76-062, Report on MAPS Gas Ce l l  F i i i i n g  and 
Recommendations f o r  Future Modif icat ions t o  F i l l  
Stat ion, To: P. Hutchings, From: L.E. Ryan, 3-19-76 
1 n t I n4. I 
I I I  
ctiemi ca 
~ q i i  t I I  iL'i r I ~ t !  or LIW M ~ r b  gas  el I erfot-t. vddb LIS 9ruduc.e d 
i y  stable gas reference c e l l  f o r  the operational l i f e t i m e  o f  
the instrument. Chemical changes were o f  primary concern because re- 
act ions which would deplete the reference gases o r  introduce absorptive 
species i n t o  the band pass would effect instrument response. Theoret ica l ly  
the c e l l  design maintains an i n t e r i o r  which i s  i n e r t  t o  the carbon 
monoxide, and amnonia f i l l  gases. 
v e r i f y  t ha t  the s t a b i l i t y  o f  these c e l l s  met the design c r i t e r i a  of a 
maximum 1% signal  change over a two year period. 
However, a l i f e  t e s t  was conducted t o  
Test Sequence 
I n i t i a l l y  the windows used f o r  these l i f e  t e s t  MAPS c e l l s  were char- 
acter ized by an op t i ca l  microscopic inspection. This inspect ion was 
conducted t o  look f o r  any flaws. 
i n f ra red  (2.5-15 microns). These preparation tests  were conducted t o  
provide a basel ine reference f o r  each window i n  the event a l i f e  t e s t  
These windows were also scanned i n  the 
1-2 
4341 .AC. 76-1 18 
6-9-76 
fa i lure indicated tha t  the window materials were involved. 
The c e l l s  f o r  l i f e  t e s t  were processed and f i l l e d  according t o  
established MAPS procedures, reference 3. They were then leak checked 
t o  ve r i f y  vacuum in tegr i ty ,  infrared scanned, and exposed t o  85°C f o r  
400 hours t o  simulate 3 years of l i f e  a t  25OC (Determined from Arrhenius 
Equations - Influence o f  Temperature on the Rate o f  Reaction). Af ter  
t h i s  exposure infrared scans were conducted t o  ve r i f y  t ha t  changes had 
not taken place. L i f e  t e s t  c e l l  S/N 112, 5% NH3 was cross sectioned 
i n  h a l f  a t  the end o f  these tests and the windows were reexamined and 
window 13 rescanned i n  the infrared. 
The l i f e  t e s t  ce l l s  are i d e n t i f i e d  below; 
Table I :  L i f e  t e s t  Cell Assignments 
108 
110 
1 09 
1?2 
F i l l  Gas Windows 
35% co 
10% co 
20% NH3 
5% NH, 
288517B, 113 and 64 
28851 78, t 8  and t 9  
288517A, 85 and 86 
288517A, W3 and 14 
L i f e  Test Data 
1. Window Characterization 
The sapphire windows appeared t o  be free o f  defects. Cell  S/N 108 
had been constructed w i th  windows t 3  and W4 and Cell S/N 110 wi.th windows 
#8 and #9. 
The germanium windows were free of defects i n  appearance on the un- 
coated side. The antireflectance coating, however, was uneven on a l l  
the windows inspected. 
present (Window numbers #2, #3, t 4 ,  85, t 6  and #7)*. Photograph #l shows 
a 500X magnification of window #3 which was used on l i f e  tes t  c e l l  S/N112. 
It appeared to  be spotted w i th  noncoated areas 
*Windows #2 and #7 were used on r e t r o f i t  c e l l  S/N114. 
1-3 









4341 .AC.76 -118 
6-9-76 
Current scans, 6-9-76, o f  ce l l s  S/N 108, 190 and 110 are attached 
and show no detectable differences f r o m  those obtained a f t e r  c e l l  t i p -  
o f f  on 2-20-76. Approved : 
Analytical ChemSstry 
Infrared Scans 
1. Germanium window, S/N 2885178, 13 before c e l l  manufacturing. 
2. Germanium window, S/n 288517A, 13 after l i f e  test. 
3. S/N 108, before vacuum in teg r i t y  test. 
4. S/N 109, before vacuum in teg r i t y  test. 
5. S/N 110, before vacuum in teg r i t y  test. 
6. S/N 112, before vacuum in teg r i t y  test. 
7. S/N 108, a f te r  vacuum in teg r i t y  test. 
8. S/N 108, a f t e r  vacuum in teg r i t y  test. 
9. S/N 110, a f te r  vacuum in teg r i t y  test. 
10. S/N 112, a f ter  vacuum in teg r i t y  test. 
11. S/N 108, a f t e r  l i f e  test. 
12. S/N 109, a f te r  l i f e  test. 
13. S/N 110, a f te r  l i f e  t e s t .  
14. S/N 112, a f t e r  l i f e  test. 
15, S/N 112, c e l l  wall heated f o r  3 hours. 
16. S/N 112, c e l l  exposed to  Nh3 
17. S/N 101, a f te r  2 months storage. 
18. S/N 102, a f te r  2 months storage. 
19. 5 cm Test Cell, 5% NH3 f i l l e d  
20. 5 cm Test Cell, a f t e r  24 hours a t  8 5 O C  
21. 
22. 
S/N 108, Scanned on 6-9-76 
S/N 109, Scanned on 6-9-76 
23. S/N 110, Scanned on 6-9-76 1-13 
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GSU OPERATING INSTROCTIONS 
Star t ing Conditions 
Valve or Switch 
Absorption cell gate valve 
Manifold gate valve 
Shroud gate  valve 
Air aitnittance valves 
Metering valve 
Manifold ou t l e t  valves ( 5 )  
MKS Electronic module 
MKS Digital  Readout 
Temptronic TE Controller 
Doric Pt. Res. Themmeter 
C e l l  Temp. Readout 
Vac pump Circui t  breaker 
Cooler 1 Circui t  breaker 
C o o l e r  2 C i r c u i t  breaker 
Electronics Circui t  Lreaker 
Heater Circui t  breaker 
Vac pump Powerswitch 
Cooler 1 Powerswitch 
Cooler 2 Powerswitch 
NRC 801 T/C Pressure gauge 
C e l l  temp control 
Lauda K-2R Thermal Control 
Posit ion 
Closed Fully C.W. 
Closed Fully C.W. 
Closed Fully C.W. 
Closed Fully C.W. 
Closed Fully C.W.. 
Closed Fully C.W. 
Power On x 1  
Auto x 1,000 
Power Off 
Power On 
Power On Position No.5 
ON 
ON 
ON 
OFF 
ON 
OFF 
OFF 
OFF 
Power On Cel l  Posit ion 
Power Off 
Compressor ON 
Line ON 
Thermometer s e t  t o  -2OOC 
Circulator pump Dff 
. 
Location 
1 
1 
3 
4 
5 
6 
7 
8 
10 
1 2  
14 
15 
16 
17 
18 
19 
above 15 
above 16 
above 17 
22 
23 
Bottom ins ide  
Hammond cabinet  
S t a r t  up of GSU 
-I POWER Connect power cords t o  three 115V, 15 amp. receptacles. 
PUMP DOWN Switch On pump power switch (20). Switch on e lec t ronics  c i r c u i t  
breaker and pump out t h e  c e l l  and manifold (open 1 and 2 ) .  The 
pump out  should take approximately one hour. 
curve Pigurc 1). The pressure is monitored on the  MKS d i g i t a l  
readout in the 760-2 Torr rangc and on the NRC 801 i n  the 2 Torr 
to  111 range. 
operation of t.hcnc syster,rs) . 
(Refer t o  pump down 
(Refer t o  the MKS and NRC i.nstructions for  de t a i l ed  
5-4 
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CELL Set the Cell Temperature Control dial at the desired 
TEMPERATURE cell temperature and switch on the C.T.C. power (23). If this 
2 
temperature is below ambient, switch on cooler (21). Monitor 
the cell temperature on the cell temperature readout thermocouple 
number 5. Fox the lowest temperature -27 C the system requires 
about 10 hours to stabilize, for the highest temperature about 
1 hour is required. 
0 
1 
BLACKBODY 
TEMPERATURE circulation pump. (Lever on side of cooler). I f  a low temperature 
Switch on cooler number$ (17). After one hour turn on the 
(below -2OOC) setting is desired, allow the coolant to circulate 
for two hours through the blackbody befbre switching on the 
Temptronic T.E. Controller. For tempeEature higher than ambient 
the T.E. Controller may be switched on as socn as the circulating 
pump is switched on. Set the T.E. Controller using the calibration 
sheet supplied in the Eppley Instructions. Prior to switching on 
the T.E. control, set the Temptronic on high range if the desired 
temperature is greater than the temperature of the base plate 
and on the low range if the temperature is lower. 
PURGING Allow absorption 11 to evacuate to between 1 and 3 0 p .  Close 
REGULATCRS the absorption cell gate valve (AGC). Open the test gas outlet 
valve and manifold gate valve. Allow the manifold to evacuate 
to between 1 and 2 x 10 Torr on the Varian thermocouple pressure 
gauge and then close the test gas outlet valve. Open the test gas 
cylinder valve and adjust the pressure to between 0 and 45 P.S.I. 
Open the test gas outlet valve and flow test gas at > 2  Torr for 
about 5 minutes. Shut off test gas outlet valve. Repeat the 
above regulator pump out procedure with all other test gases. 
Pump down the inanifold to less than 6 0 p .  
-1 
* 
FILLING 
CELL WITH 
TEST GAS 
Open the test gas outlet valve + turn ccw. 
valvc untri the change in pressure observed on the EIKS pressure 
gauge readout corresponds to the amount of gas required. Pump 
out the manifold and add il second gas using the samc procedure 
Open the metering 
* 1 Atmosphere 
J-6 
FIGURE 1 
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CSU INCCB¶ING POWER DISTRIBUTION 
Instruments 
I 
E"i t  
diagram) 
I 
F.T.S. Heaters 
F.T.S. Circulat ion 
-P 
F.T.S. S t i r r e r  
I 
I1 i P .T . S R e f  r i g e r a t i o n  
-_I Current i n  Amps -_ 
10 .2  A 
0.8 A 
0.8 A 
!BIT= 11.8 A 
-. Remarks 
2 x 600 W 
1 
10.5 A up to 14A S t a r t i r  
current 
I Elec tron ics  plug strip i 2.8 A i ! I 
I ! 
i i 
I 
i I 
I 
1 
f " 
I 
! 
t 
I 
! 
I 
! 
I 
Black Body Cooler i I 
t Vacuum pump 
9 A  
5.5 A 
typ. 4-5 amps 
6 A s t a r t i n g  
current 
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NRC 801 THERMOCOUPLE GAUGE CONTROL 
INSTALLATION, CALIBRATION AND OPERATING IXSTRUCTIONS 
The NRC 801 thermocouple  gauge c o n t r o l  is a compact ,  s e l f -  
c o n t a i n e d  i n s t r u m e n t  , d e s i g n e d  p r i m a r i l y  for p a n e l  mounting.  I t  
is s u p p l i e d  w i t h  a 6 f t  l i n e  cord and  a 10 f t  t he rmocoup le  gauge 
c a b l e .  The i n s t r u m e n t  is l i n e  v o l t a g e  r e g u l a t e d ,  and  a tempera-  
t u r e  s e n s i t i v e  e lement  t o  compensate  f o r  t e m p e r a t u r e  d r i f t  i n  
thermocouple  gauges is b u i l t  i n t o  t h e  thermocouple  c a b l e  socket. 
The i n d i c a t o r  d i a l ,  which c o v e r s  t h e  p r e s s u r e  r a n g e  f rom 1 to 1000 
microns  (1 micron  is 1/1OOO of 1 mm of mercury ,  or 1 / 1 O O O  of 1 t o r r )  
is ca l ibra ted  f o r  a n  NRC 521  thermocouple  gauge i n  d r y  air. The 
mechan ica l  zero a d j u s t  is located on t h e  f r o n t  of t h e  i n s t r u m e n t .  
The p r e s s u r e  c a l i b r a t i o n  c a n  be reached t h r o u g h  a h o l e  i n  t h e  rear 
c o v e r  (Fig. l a  and  I d ) .  The meter voltage (0  - 11 mv) is ava i l ab le  
a t  t w o  solder t e r m i n a l s  a t  t h e  rear f o r  o p e r a t i n g  remote i n d i c a t o r s  
whose i n p u t  r e s i s t a n c e  s h o u l d  be 200 ohms o r  more. 
I n s t  a1 l a t  i o n  
A p a n e l  c u t o u t ,  a s  shown i n  Fig. l a ,  is r e q u i r e d  f o r  t h e  
i n s t a l l a t i o n  of t h e  NRC 801 thermocouple  gauge c o n t r o l .  The 
in s t rumen t  is mounted from t h e  f r o n t  and f a s t e n e d  w i t h  three n u t s  
s u p p l i e d  ( F i g s  l b ,  IC). 
C a l i b r a t i o n  - 
1. 
2. 
3. 
4. 
5 .  
6. 
7 .  
Adjus t  t h e  mechanica l  m c - t e r  zero u n t i l  t h e  n e e d l e  reads OFF, 
Connect a n  NRC 521 thermocouple  gauge t o  a vacuum s y s t e m  
c a p a b l e  of m a i n t a i n i n g  a p r e s s u r e  of less t h a n  1.0 micron .  
Pump down t h e  sys tem t o  less t h a n  1.0 micron. 
Connect t he  thermocouple  cable of t h e  NR 801 c o n t r o l  t o  t h e  
NRC 521  thermocouple  gauge. 
P l u g  t h e  l i n e  c o r d  i n t o  a 1 1 5 V  50/60 c y c l e  o u t l e t .  
Turn cal ibrat ion c o n t r o l  i n  t h e  rear of t h e  i n s t r u m e n t  u n t i l  
t h e  meter r e g i s l  rs Zero microns .  
A l l o w  t h e  sys tem t o  s tab i l ize  for approx ima te ly  15 m i n u t e s ,  
and  r ead jus t  t h e  zero i f  n e c e s s a r y .  
NOTE: I f  so d e s i r e d  t h e  gauge can  be calibrated against an 
NRC AlphatronfR) or  a McLeod gauge. 
Ma i n  t en a ucc 
Dissasrjrerbly of Control 
it repaire are nccesmwy, the  follminigr procedure of diswmtllag 
ehsuld bo followed. 
1. Unplug line cord. 
2. Wgmovc the two screws that  hold the rear cover and termiualar. 
The NRC 801 should give yeare of trouble-free servtcQ But, 
3. S l i p  cover RS far back as the cable allow. 
4. Umcrew the two sgacei9s. 
5. &move printed c i r c u i t  card from meter. 
HCYi%: If after assembly, the meter reatha hckwlar&, turn - pr intod circu it card one-half turn. 
t- 
i&- # 
b 
* .  
t 
OPERATING IMSTRUCTIONS #132-8 
UDA/BRIWO[CdBM N CIRCUIA TOR 
All M d l t  fn The K - V R  Series 
(Please read the notes on this page) 
CAUTION: 1. This circulator is designed for normally superwised lab- 
oratory use. If unattendedor over-night operation is re- 
quired, a suitable back-upsafety system should be used - 
in order to prevent possible secondary damage due to 
leakage or uncontrolled heating. BRtNKMANN INSTRU- 
MENTS cannot assume liability for damage to the circu- 
lator or the laboratory in which it is located, beyond the 
replacement, within the warranty period. of defective 
components as specified in  Paragraph 11. 
2. In order to avoid dax  *ge to the compressor and eliminate 
an excessive starting current which may re su 1 t in a blown 
fuse, the compressor should not be turned on for a t  least 
15 minutes after having been turned off. This  t ime inter- 
val will permlt the Freon to reach the  pressure which is 
needed for a proper start-up. 
. 
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T A B L E  OF C O N T F N T S  
I. UnpaCking 
II. Warranty 
III. Operatinq Instructions 
Iv. 
V. 
Use of Thermoregulators 
Operation in Various Temperature Ranges 
VI. Recommended Circulatinq Liquids 
VIT. Suuqested Hoses f o r  External Circulation 
Vm. Performance Data 
M. Par?s List 
X. Service 
JLLUSTRATIONS 
Fig. 1 - Frondside View 
Pig. 2 - Rear View 
Fig. 3 - Wiring DLagram - K-2/R 
Page 
1 
1 
1 
6 
8 
8 
9 
9 
9 
10 
2 
4 
11 
Fig. 4 - Wiring Diagram - Circult Connections 12 
Fig. 5 - Wiring Diagram - P.C. Board 
Fig. 6 - Pictorial Diagram 
13 
14 
PLEASE NOTE: This manual covers models K-2/R and Super K-2/R. The term 
“ K - Z / R ”  as used in the text refers to both models. Differ- 
ences  in specifications and spare parts are indicated wherev- 
e r  applicable. 
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I. 
II. 
III. 
Please check the  packing materlal carefully to be sure tha t  a l l  components 
have been received and that nothing is accidentally discarded. The follow- 
ing items must be received: 
- identifying numbers refer to Fig. 1. page 2 - 
(1 1 
0) 
Bath housing with built-in pump and controls 
Thermoregulator (contact thermometer) -5 to + l o 5  "C - (1 ) 
with 
Metal sleeve for above - (2) snd  
Rotating magnet in plastic housing - (3) 
Control (reading) thermometer with tapered joint connection 
Piece of hose for temperatures to 150 "C (not illustrated) 
Cover for a c c e s s  opening (mounted) - (5) 
(1) 
0) 
(1) 
- (4) 
Any shortage or damage must be reported to your supplier within 7 (seven) 
days  after receipt - see paragraph 11. 
WARRANTY 
In lieu ofb ther  warranties, either expressed or implied. a l l  LAUDA constant 
-temperature circulators a re  unconditionally guaranteed for repair or replsce- 
ment of a l l  parts (except tubes and thermometers) which become defective 
d u e  to manufacturing defects or faulty materials, for a period of one year 
from da te  of delivery. This warranty is effective only i f  t h e  instrui *en t  is re- 
turned to our plant a t  Westbury, N.Y.  for examination and repairs,  ar,d be- 
comes void if  the equipment has  been tampered with unless  specifically au- 
thorized by us. Damage resulting frcm misuse of the  equipment is not cov- 
ered by t h i s  guarantee, neither will we be responsible for secondary damage 
due  to continued unsupervised u s e  of equipment which has  become partially 
defective. Damage incurred d k i n g  shipment must be reported to the cam.= 
immediately s ince  a n  inspection is e s sen t i a l  to the  settlement of any clair. 
All packing materials must be retained until their d i sposa l  is authorized by 
t h e  carrier or his representative. 
OPERATING INSTRUCTIONS 
A. Fill in water to maintain level approximately 1 inch below top  of bath. 
In order to remove the  bath cover its handle should be  rotated 4 5 '  in  
either direction until it c l icks  into place in a diagonal position. The 
cover c a n  then be removed and the circulating liquid should be poured 
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B. 
C. 
n 
into the reservoir within one inch of the top. Since a certain amount of 
Uquid will be required for the external circulating sys tem,  the level 
should be checked after the first few w i n u t e s  of operation. The cover 
should then be replaced and locked by rotating the handle 45 O in either 
direction. 
Forexternalcirculation connect circuit hoses to  OUT ~ o z z l e  (20) and I N  
nozzle (21). After the instrument has been turned ON and liquid has been 
circulated through the  external system, t h e  internal level should be 
checked and additional liquid should be adde'd a s  may be required (see 
A. above). The K 4 / R  is designed for external circulatior. through a clos- 
ed system only. It is not recommended that this circulator be used for 
circulation through an open bath or reservoir although this is possible 
if the external bath level is sufficiently above that of the K-2/R in order 
topermit a continuous gravity return. In this case .  the control valve (1 4) 
must be adjusted in such a way that t h e  pumping rate  will not exceed 
the gravity return rata. 
Without external circulation - Connect a short piece of hose across 
nozzles 20 and 21. This connection is necessary because the  amount 
of internal agitation is directly related to the flow rate through the  above 
-mentioned nozzles as controlled by lever 14.  
SUDDLSL, b,-tary Instructions for K-2 Series Circulators which are  eauimed with 
 DUD^ PL .s (K-2/D and K-2/RD). 
Duplex pumps consist of separate pressure and suction sections which a re  
connected to one and t h e  same motor. The suction section operates contin- 
uously a t  its maximum flow rate. The rate of liquid which is pi,mped out by 
the  pressure section is continuously regulated by a float-operated valve which 
will increase or decrease t h e  output in order to maintam a constant level with- 
in the i n t e rn1  reservoir. For 3dditional inturmation on the operation and per- 
formance of Duplex pumps, please read the following paragraphs: 
a. This pump can be used both for circulating in a  closed^' circuit, 
through an external, lacketed appliance, or for circulating through 
a "broken" circuit s u c h  a s  an open water bath. In the latter case ,  
the open ends of t h e  two hoses from the  circulgting nozzles are merely 
immersed in the  liquid of the open bath; return to the circulator is 
accomplished by t h e  suction state of the pump. TO balance possiblo 
variations between t h e  pressure and suction stages.  the pump i L  
equipped with a floating valve regulator which controls the amount 
of liquid flowing out of the circulator; thus maintainins a constant 
nivesu (level) in  t h e  circulator within an accuracy of k l  mm. The ex- 
ternal (open) bath may bc mounted 1 meter higher or lower than the 
circulator without disturbing this relationship. 
b. q n  f i s t  placing t h e  system in operation, fill the  external bath tc  
the  desired -1ght. The circulator maintains its own level and the 
external b, , ,~us t  be filled accordingly. 
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c. The front nozzle of t h e  pump is t h e  pressure s i d e  and the  r e a i  ncuzle 
is t h e  suction s ide .  If a n  open bath i s  tempered by simply immersing 
the  open ends of the  hose in the external bath, it is advisable  to cut 
the hose end a t  J s lan t  (diagonal cut) to eliminate any possibil i ty 
of t he  suction hose  attackmcj i t se l f  to the  inside of the  tank wall  (by 
suction) and cutt ing off the  return flow of liquid. 
d. Trouble-free circulating operation c a n  only be guaranteed if  t h e  cir- 
culated liquid does  not have a viscosity higher than 50 CP a t  i;l "C. 
e. The flow-control valve is not a s  effective on the  Duplex pump a s  on 
the Simplex version because of varyirig forces in  the  pressure and 
suction s i d e  and because  of t h e  floating valve. Therefore, with the  
Duplex pump, th i s  valve should normally be open (pushed to the  front) 
or c losed  (pushed to the  redr). Generally, this is not a disadvantage 
because  even when circulating through a s m d l l  extsrnal sys tem (ca- 
pacity 1 liter), there is no evidence of a violent reaction (waves) in 
the external bath. 
f .  If a system with a Duplex pump is used for c i r c d a t i n g  thrcugh a 
c losed  circuit  {refractometer, spectrophotometer. viscometer, etc. , ) 
the liquid in t h e  circulator must be filled within 30 mm (1-1/2") of 
t h e  top. Otherwise, t he  ra te  of circulation may be restricted by the  
f'oating valve in the  pressure side. This valve c l o s e s  a s  the  bath 
level falls .  If t h e  liquid level is insufficient, it will continue to 
stay c losed  in a n  effort to suck liquid out of the  other s i d e  G-' t h e  
circuit. Do not forciet tha t  lrauid fills the  hose circuitwhich m a /  ie- 
quire t h a t  some refilling of the bath i s  necessary.  Ideally, for closed 
circuit  operdtion. the floater of the  pump in t h e  bath should be a s  
close a s  possible to the  top of the  ckcula tor  tank. 
E. Adjust lever 14 for t h e  ra te  of flow whichis  required. Flow r a t e  is  zero  
when the lever  is on the  extreme risht; do not s e l ec t  maximum flow ra t e  
until circulator has  been turned on. 
F. Install' meta! s l e e v e  (2) for thermoregulator in opening (6) provided and  
push down firmly. End of sleeve c l o s e s t  to center of cut-out for s c a l e  
must be a t  top. 
G. Install  thermoregulator (1) by qently but firmly pushing it into sleeve. 
Push down far a s  it will go. Then connezt two-prong pliig on line 
from left s i d c  of circulator to connectors on thermoregulator. Now, 
mount xotating magnet  in housing (3) on top of thermoregulator a::d ad- 
jus t  temperature setting on scale by rotating magnet (see para. IV. ). 
H. Install  reading thermometer ( 4 )  into tapered opening (7).  
'1. Connect three-prong plug attached to end of l ine  Cord (1 5) to I 1 5  V 
A. C., 60 cycle outlet., fused for a minimum of 1 0  amps.  
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1. The circulator can now be  turned "ON" by sliding switch (9) towards t h e  
right. In this position a red dot Gn t h e  left s i d e  of the  switch will be 
exposed; the right-hand pilct light (11) wi'l light up a t  full intensity. 
For operation above 40 C t h e  cGmpressor switch (8) should be in the OFF 
position. At all temperatures below 40°C t h i s  switch should be ON. 
K. The K-2/R is equipped with a solid state t r iac  controlled electronic 
relay which also includes a wattage proportioning control (22) and 
a noise suppression circuit. The proportioning control c a n  be set 
for 20-100% of the maximum rated output (750 Watts).  For initial 
hest-up or maximum heating, t he  proportioning control should be 
set to 10 (100%). When the circulator cycles at  its operating temp- 
erature, a s  indicated by t h e  heater light (IO\, t he  control accuracy 
can be increased by reducing t k e  proportioning control to a setting 
at which t h e  ratio of heating v s .  non-heating'cycles is approx. 1:2. 
If the proportioning control is s e t  too low, the  heater will s t ay  on 
continuously because  the  wattage output will not be high enough to 
overcome the  cooling effect of the  refrigeration sys t em which is o p  
enttlng at a l l  t i m e s .  Veri brief and infrequent heating pulses  are 
lndlcatlve of a proportioning sett ing which is too high, and thus ,  
results ln excessive temperature variations. 
A. Settiria the  Temperature (control point) - Proceed as  follows: 
1. After loosening the  locking screw on the m a m e t  housing, place 
t h e  magnet on top of the  contact thermometei. 
2. On the upper (exposed) s c a l e  of the thermoregulator there is a 
small horizontal black bar which moves up or ,sown on a spindle 
depending on  the  direction in which the  magnet is rotated. 
3. Rotate the  magnet in the  desired direction until t h e  top  of the  
moving bar is approximately level with the d e s k  tempt;;ature 
on  the  scale. Clockwise rotation increases t h e  set point; counter 
-clockwise rotation lowers the  temperature. One complete turn 
on the  standard -%/+luS"C thermcmeter is equal to a change of 
approximately u. 5 "C. Theri . J C ~  t h e  magnet with screw. 
4. After putting the bath in operation! the tempctiat*xe will s tab i l ize  
near the  set point. However. some adlustment 1s usually neces- 
sary s ince  t h e  crpcrating te rnpcrd t"  '.: may bc 1°C above or below 
thedesired temperature. T o a s s i s t  the user .  each  magnet housing 
is calibratedand the changc! i n  temperrlture, p c  Qivisionof rota- 
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5. 
tion, c a n  be determined with the particular thermoregulator being 
used .  On the thermoregulator -35 /+10SoC one  divis ion o n  the mag- 
net s c a l e  represents  a temperature change of approximately 0.05"C. 
In  adjust ing the thermoregulator, the switchlng point (point at which 
the opert t ing temperature exact ly  equals  the set temperature) can be 
determined visual ly  with the aid of the s igna l  lamp (10). When heat-  
l r q  is required, this lamp is ON. 
For operation at temperatures above 100°C w e  now del iver  only the 
longer s t e m  thermoregulators which must be  used  with the long metal  
support  s l eeve .  This w a s  done because  experience h a s  shown tha t  
i f  the  scale is left i n  the bath liquid at high temperatures, the mercury 
may b e  dis t i l led only to condense aga in  at a higher, cooler  locatlon. 
This shortens the mercurycolumn of the  thermoregulator (breaking con- 
tact) which c a u s e s  the system to call for hea t  while the  ac tua l  tem- 
perature climbs s teadi ly  beyond the control point. By mounting the 
scale above the bath liquid, this  proble? has  b e e n  eliminated on our  
baths .  
6. When not i n  dai ly  use ,  a lways set the  therrnsregulator above room 
temperature (if possible).  This prevents continuous contac t  between 
the contac t  wire and the mercury column. 
B. Trouble Shooting the Thermoregulator 
It is possible  that due to shock encountered in transportation, the mer- 
cury column ir the thermoregulator has  separated.  To remedy this, pro- 
ceed  as follows: 
1. Rotate the magnet until the reading bar o n  the face  of the  therrno- 
regulator is above the scale. 
2 .  Carefully heat the mercury bulb of the thermometer over  a small 
flame rinril the mercury c d u m n  r i ses  into the excess temperature 
collector,  between upper and lower scales, where it wi l l  rejoin. 
3. Cool thermometer slowly. If mercury does not rejoin, it may be  
necessary  to heat  again until i t  co l lec ts  i n  t h e  neck between the 
two scales. Then tap bulb of thermometer on a soft padded sur- 
face and sha1.e out  manually. 
C . T e s t i n q v e T h c r m o r c s u  la to- 
If the circulator does not function correctly - heater does not bogin to 
operate and s y s  tern docs not main!ain temperature - the thermoregulator 
may b e  dcfcctivc:. TU tt:>t, procccti as follows: 
1. Disconnect cahlc and pluq (12)  f rom receptacle  on  thermoregulator. 
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2.  Short-circuit the connecting plug (12) by inserting a piece of wire. 
The s igna l  \amp (10) must g o  off. If it does not go off and does  not 
disengage the heater, the defect must be  in  the control circuit. 
V. OPERATION XN VARIOUS TEMPERATURE RANGES 
A. The K-2/R is equipped with contact and control thermometers which 
cover a range of -35 to +lOS°C. If this circulator is to be used  at 
temperatures above or below the above-mentioned range it wi l l  be 
necessary  to obtain additional thermometers which a r e  listed in the 
LAUDA catalog. PLEASE NOTE that  adjacent to each  x n t a c t  ther- 
mometer w e  list the length of the metal protecting s l e e v e  with which 
it must be used. The K-2/R comes equipped with a short  sleeve; it 
follows that, i f  one purchases a thermometer which requires a long 
sleeve, such  a sleeve should b e  purchased at the same t ime.  In l ieu  
of additional thermometers it may be more convenient to u s e  a platinum 
res i s tance  thermometer with the R-2 0 temperature controller. 
B. Below +1"C - We recommend i! 5050 Methanol/water mixture. Please 
use disti l led water only. Switches ( 8 )  and (9) must be i n  the  OM posi- 
tion. For external circulation w e  would recommend the u s e  of our foam 
-rubber insulated s i l icone  hose.  Cat. No. 27 59 200-7. 
C .  From +1 to +40°C - We recommend the u s e  of d is t i l l ed  water. Operation 
is the same as i i s ted  under "B" above. 
D. From +40 to +95OC - We sugges t  the u s e  of disti l led water. The com-  
pressor switch (8) must be i n  the OFF position. For external circulation 
w e  recommend our perbunan hose, Cat.  No. 27 59 100-1. 
E. From +95 to +150°C - W e  recommend the u s e  of special liquids as listed 
i n  paragraph VI. 
tion at all t i m e s .  
The compressor switch (8) must be left i n  the OFF posi- 
For external circulation use  perbunan hose. Cat. No. 
27 5 3  100-1. 
VI. RECOMMENDED CIRCULATING LIQUIDS 
A. 
B. 
Distilled water (+1 to +95"C) 
Methanol (-70 to +5O"C) - Although Methanol 16 toxic, we do recom- 
mend its u s e  i f  i t  is handled with reasonable care.  For operation from 
-10°C to ambient, it  may be diluted with water on a 50/50 basis. 
C .  Ultra-Therm 250W (+20 to +25OoC) -Cat. N o .  27 57  010-1 - Our own 
mixture. A hydrocarbon oil which is water soluble for easy exchange. 
I t  is not trclnsparent and has a distinct b r o a d g r e e n  color. 
fr. . Sill-cone _.-- . . Or& (-30 to +150°C) - a phenyl-methyl si l icone oil but one 
having a very low viscosity of 5 cST a t  20°C. 
1. TYp e SK Frigor (-60 to +120°C) - Cst. No. 2 7  57 100-0, 
2 .  TJQ e SK Super-Friqoi (-60°C to +12OoC)- Cat .  No.  27 57 110-7. 
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VII. SUGGESTED HOSES FOR EXTERNAL CIRCULATION AND MISC. ACCESSORIES 
A. Foam-rubber insulated silicone hose, 8 mm i .  d., 30 mm 0. d.. Cat. No. 
27 59 200-7 
B. Silicone hose, 8mm 1.d.. for use  to -5S°C, not insulated. Cat. No. 
27 59 180-9. 
C. Perbunan hose, 9mm 1.d.. for u s e  to +150°C, Cat. No. 27 59 100-1. 
D. Test tube holder fb& (five) test tubes. Cat. No. 27 53  890-0. 
VIII. PERFORMANCE DATA 
Operating Range : -10 to +150°C - K-2/R 
-20 to +lOO°C - Super K-2/R 
Sensitivity : *O.0l0C 
Control Accuracy : *0.01 to 0.02"C 
(measured with distilled water as 
circulating liquid) 
Cooling Perfomance (*) : Net avaflable cooling capacity at -10°C 
;SO B T U h  - Super K-2/R 
(without load) approx!.mateA;r 200 B T U h  - K-2/R 
approximat. 
Heating Wattage : 750 Watts 
Reservoir Liquid Required : Approximately 1 (one) gallon 
Pumping Capacity : 2-1/2 gal/min. 
(*) If compressor has not been used for 24 hours or longer the cooling per- 
formance will reach this level only after several hours of compressor 
opera tlon. 
M. PARTS LIST 
Cat. No.  
27 59 980-0 
27  59 690-8 
27 53 400-7 
2 7  5 3  420-1 
27 5 7  940-0 
27  56  060-1 
Parts Description 
Thermometers 
Contact thermometer type 215F (fork-type) -35 to +lOS°C 
Control (reading) thermometer type 125, 
Short. protective s leeve for contact thermometer 
Rotating magnet drum 
-35 to +1OS0C 
Compressor 
Compressor (condensing system) Tecumseh type AEGH (K-Z/R) 
Compressor (condensing system) Tecumseh type  AESI (Super 
KWR) 
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Compressor: 
Refrigerant: 
Suction pressure: 
B. General 
K-2/R 
Tecumseh AE 6 H 
Freon 12 - appox. 5 02. 
IO psi after 1 5  min. 
running t ime 
Super K-2/R 
Tecumseh AE 5 L 
Freon 12 -approx. 8 02. 
5 p s i  after 1s mfn. 
running time 
Any Iauda constant-temperatllre circulator. or component thereof, may be 
returned to our shops in New York f o r  service, overhaul or replacemelit of 
parts. 
For information, contact: 
LAUDA I N S T R U M E N T S  D I V I S I O N  
BRINKMANN INSTRUMENTS INC. 
Westbury, New York 11 590 
Phone (51 6 )  334-7500 
TWX 5!0 2 2 2  8254 
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